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ABSTRACT
The N orfo lk , K em psville, and Sand B ridge Form ations beneath  
th e  H ickory Scarp o f so u th e a s te rn  V irg in ia  a re  r e in te rp re te d  a s  
re p re se n tin g  one g la c io - e u s ta t ic  t r a n s g re s s iv e  c y c le . The tim ing  
o f t h i s  t ra n s g re s s iv e  even t i s  s e t  during  th e  e a r l i e s t  W isconsinan. 
The fo rm ations were p re v io u s ly  in te rp re te d  a s  unconformably o v e r- 
ly in g  one a n o th e r . The N orfolk-K em psville unconform ity i s  a c tu a l ly  
a  d ia g e n e tic  boundary. Evidence i s  p re sen ted  which in d ic a te s  th a t  
th e  K em psville Form ation and p a r t  o f th e  Sand Bridge Form ation in  
th e  Hickory Scarp a re a  should  be reduced to  member s ta tu s  o r  
dropped e n t i r e ly .
Using paleoeco logy , sed im entary  s t ru c tu re s  and te x tu re s ,  as  
w e ll a s  f i e l d  r e la t io n s h ip s  o f s t r a t a ,  subenvironm ents were d is ­
tin g u ish e d  in  a  v e r t i c a l  sequence. The sequence beg ins w ith  a  
d isco n tin u o u s b o u ld e r la y e r  th a t  i s  o v e r la in  by p ro te c te d  
e s tu a r in e  and bay d e p o s its . The sequence ends w ith  a  p rograd ing  
b a r r i e r  marsh complex.
A model f o r  b a r r i e r  i s la n d  m ig ra tio n  and development as 
r e la te d  to  l a t e  P le is to c e n e  sea  le v e l  and c lim a tic  co n d itio n s  
i s  p re se n te d .
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CHAPTER 1
INTRODUCTION
T his r e p o r t  r e s u l t s  from d e ta i le d  s t r a t ig r a p h ic ,  sed im en to log ic  
and p a le o to lo g ic  a n a ly s is  o f a  l a t e  P le is to c e n e  b a r r i e r  is la n d  
complex in  th e  so u th e a s te rn  c o a s ta l  p la in  o f V irg in ia . Located in  
th e  c i t i e s  o f  Chesapeake and V irg in ia  Beach, V irg in ia , th e  study  
a re a  i s  covered by th e  K em psville, F e n tre s s , Moyock, and P r in c e s s  
Ann 7 .5 -m inu te  q u ad ran g les . The a re a  s tu d ie d  in  d e t a i l  in c lu d e s  
a  fo u r-m ile  w ide, s ix -m ile  long  b e l t  th a t  ex tends from th e  E a s te rn  
Branch o f  th e  E liz a b e th  R iver to  th e  in t r a c o a s ta l  waterway tre n d in g  
approxim ately  in  a  n o rth -so u th  d i r e c t io n  along  K em psville Road 
(F igu res 1 and 2 ) .
Synopsis o f  P rev ious Work
P rev ious work d e lin e a te s  a  l in e a r  tre n d in g  sand body a long  th e  
topograph ic  h igh  in  SE V irg in ia  and NE C aro lin a  known a s  th e  H ickory 
Scarp (Wentworth, 1930). This sand was in te rp re te d  to  have e ro s io n a l  
c o n ta c ts  w ith  younger o f f -sh o re  sands to  th e  e a s t  and o ld e r  sands 
to  th e  w est (Sanders e t  a l .  1962; Oaks and Coch, 1963; Coch, 1965; 
Spencer, 1970; Oaks e t  a l .  1974). Oaks (1965) and Oaks and Coch
(1973) in te r p r e te d  th e  K em psville Form ation a s  having an e ro s io n a l 
c o n ta c t w ith  o ld e r  N orfo lk  sands (o f f-s h o re  s h e l f  m a rin e ).
1
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F ig u re  1 . Map o f P le is to c e n e  Sands (S tip p le d )  i n  S o u th e a s te rn
V irg in ia  A f te r  F o rce  and G erac i (1975). N * New L ig h t 
P i t ,  W » Womack P i t ,  G * Gomez P i t ,  C * C ity  L ine  P i t ,
T *• T idew ater Sand Company P i t  (Note t h a t  th e  P le is to c e n e  
b a r r i e r  sands a r e  b roken in to  n o r th - s o u th  tre n d in g  
segm ents, much l i k e  p re s e n t  day b a r r i e r  i s la n d s  o f  th e  
E a s te rn  Shore o f V irg in ia )
2
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F ig u re  2. Scarps and R idges in  S o u th e a s te rn  V irg in ia  and A d jacen t 
N orth  C a ro lin a  (Oaks e t  a l .  1974). S tudy Area i s  
D e lin e a te d  by a Dashed L ine
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Oaks (1965) hy p o th esized  th a t  a t  l e a s t  fo u r  d i s t i n c t  d e p o s i-  
t io n a l  u n i t s  e x i s t  w ith in  15 m eters  below th e  su rfa c e  o f  th e  Hickory 
Scarp a re a .  From o ld e s t  to  youngest th e se  u n i t s  in c lu d e  th e  N orfo lk , 
th e  K em psville, th e  Londonbridge, and th e  Sand B ridge Form ations. 
Oaks and Coch (1973) d e fin e d  th e  r e la t io n s h ip  among th e se  u n i t s  as  
fo llo w s : N orfo lk  sedim ents conform ably o v e rla y  th e  G reat B ridge
Form ation and in  tu rn  a re  unconform ably o v e r la in  by th e  K em psville 
Form ation along  a s u b a e r ia l ly  eroded c o n ta c t. E ast o f th e  H ickory 
Scarp , th e  K em psville Form ation i s  sh a rp ly  and unconform ably o v e r-  
l a i n  by th e  Sand B ridge Form ation. D ire c tly  o ver th e  H ickory Scarp, 
th e  Sand B ridge o v e r l ie s  th e  K em psville Form ation. A ccord ing ly , 
th e se  f iv e  fo rm atio n s  s e p a ra te d  by e ro s io n a l  c o n ta c ts  r e p re s e n t  two 
m ajor and one m inor subm ergent-em ergent c y c le s  which w ere p robab ly  
th e  r e s u l t  o f g la c io - e u s ta t i c  changes o f  sea  l e v e l  d u rin g  th e  
P le is to c e n e  Epoch (Oaks, 1965, Oaks and Coch, 1973). This sea  le v e l  
h is to r y  and th e  r e s u l t in g  fo rm atio n s  a re  shown in  Table 1 .
P rev io u s  mapping o f s u r f i c i a l  and shallow  P le is to c e n e  u n i t s  
a d ja c e n t to  and a long  th e  H ickory Scarp d e sc rib e d  a g e n e ra l b a r r i e r  
is la n d  d e p o s it  w ith  a s s o c ia te d  o ffsh o re  and lag o o n a l d e p o s its  (Oaks 
and Coch, 1973). These in te r p r e ta t io n s  were based on b o rin g s  and 
measured s e c t io n s  from n e a r ly  th e  e n t i r e  a re a  o f th e  c i t i e s  o f 
V irg in ia  Beach, N orfo lk  and Chesapeake. D e ta ile d  d a ta  n ecessa ry  to  
determ ine  th e  d e p o s it io n a l  subenvironm ents o f a  b a r r i e r  is la n d  (e .g . 
sh o re fa c e , w ashover, i n l e t ,  dune and t i d a l  f l a t )  were n o t in c lu d e d . 
The types and abundances o f sed im entary  te x tu re s  and s t r u c tu r e s
4
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TABLE 1
RELATIVE SEA LEVEL ELEVATION AND SHORELINE POSITION OF
LOCAL FORMATIONS
UNIT 
M ajor Emergence 
G reat B ridge 
N orfo lk
Minor Emergence 
K em psville 
Major Emergence 
Londonbridge 
Lower Sand B ridge
Upper Sand B ridge
SHORELINE POSITION
E ast o f  p re s e n t  s h o re lin e
J u s t  w est o f  p re s e n t sh o re lin e
S u ffo lk  Scarp
E a s t o f H ickory Scarp
H ickory Scarp
E ast o f  Oceana Ridge
Oceana Ridge
Land o f Prom ise Ridge
P r in c e s s  Anne R ise
Pungo Ridge
Dawley C orners Ridge
C h arity  Neck Ridge
K notts  I s la n d  Ridge
SEA LEVEL POSITION 
(IN METERS)
Below 24.2
-3  to  -1 .5
+13.6 to  15.1
Below - . 3
+5 .5  to  +6.7
Below -3 .3
+ 6 .7  to  +8
+3.6  to  +5.1
+ 3 .3  to  +4.5 
+1 .2  to  +1.8 
+1 .2  to  +1.8 
0 to  + .6
NOTE: M odified a f t e r  Oaks and Coch 1973
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c h a r a c te r i s t i c  o f  t h i s  b a r r i e r  is la n d  sequence have n o t been 
analyzed  s u f f i c i e n t ly  to  d e l in e a te  im p o rtan t subenvironm ents.
B esides th e  la c k  o f d e ta i le d  d e p o s it io n a l a n a ly s is ,  th e  p re ­
v io u s ly  in te r p r e te d  s t r a t ig r a p h ic  scheme by Oaks and Coch (1973) have 
n o t been u n iv e r s a l ly  accep ted  (Rogers and Spencer, 1968; Spencer, 
1970). The prim ary o b je c t io n  was th e  d i f f i c u l t y  in  c o r r e la t in g  
th e se  u n i t s  w ith  th e  c r i t e r i a  used to  d e f in e  th e  fo rm a tio n s . O thers 
have a ls o  q u estio n ed  th e  v a l i d i t y  o f Oaks' s t r a t ig r a p h ic  framework 
(Johnson and R ader, p e rso n a l com m unication).
D iscu ssio n  o f  Problem s A sso c ia ted  W ith A nalysis  o f 
C oasta l D e p o s itio n a l U n its
D eterm ining th e  n a tu re  o f  c o n ta c ts  between f a c ie s  i s  c r i t i c a l  
to  th e  in t e r p r e ta t io n  o f c o a s ta l  d e p o s it io n a l  u n i t s .  C on tacts may 
be d iv id ed  in to  two c a te g o r ie s  -  t r a n s i t i o n a l  o r  e ro s io n a l .  T ran s i­
t io n a l  c o n ta c ts  re p re se n t con tinuous d e p o s it io n  between f a c ie s .  
E ro s io n a l o r  sharp  c o n ta c ts  may r e s u l t  from s e v e ra l  p ro cesses  in  th e  
c o a s ta l  environm ent and do n o t n e c e s s a r i ly  re p re s e n t  sea  le v e l  
changes. E ro s io n a l o r  sharp  c o n ta c ts  may occur a s  a  r e s u l t  o f storm s 
o r f a c ie s  changes between some environm ents a s  th e  sedim ent supply  
changes o r  f lu c tu a te s .  When th e  environm ent changes from a beach 
to  a  marsh th e re  i s  f re q u e n tly  a  sharp  c o n ta c t s e p a ra tin g  th e  r e s u l t ­
ing  d e p o s its  because o f th e  la rg e  d if fe re n c e  in  g ra in  s iz e  between 
th e  beach and m arsh. Washover d e p o s its  on th e  backside  o f a  b a r r i e r  
is la n d  a ls o  r e s u l t  in  s e v e ra l  sharp  c o n ta c ts  between washover sands 
and lag o o n al s i l t s  and muds.
6
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T ran sg re ss io n a l o r  r e g re s s io n a l  ev en ts  norm ally  r e s u l t  in  an 
e ro s io n a l  h ia tu s  which can be mimicked by c e r ta in  d ia g e n e t ic a l ly  
formed b o u n d a rie s . In  porous c o a s ta l  p la in  sed im en ts , groundw ater 
le a c h in g , e s p e c ia l ly  in  th e  vadose zone, c r e a te s  an i r r e g u la r  
boundary between f o s s i l i f e r o u s  and leach ed  sed im ents above. These 
c o n ta c ts  p ro g re ss  a t  d i f f e r e n t  r a t e s  depending on p e rm e a b il ity , th e  
amount o f  o rg an ic  m a te r ia l ,  and th e  c o n c e n tra tio n  o f f o s s i l i f e r o u s  
m a te r ia l  in  th e  sed im ent.
M ajor e ro s io n a l su rfa c e s  due to  g lo b a l g la c io - e u s ta t i c  se a  le v e l  
changes should be re c o g n iza b le  over la rg e  a re a s  (V a il e t  a l ,  1977). 
Using th e  c r i t e r i a  o f  a  w idespread e ro s io n a l  s u rfa c e  to  e lim in a te  
storm  o r lo c a l  e ro s io n  i s  d i f f i c u l t  in  t h i s  a re a  because th e  d e p o s its  
a re  d isco n tin u o u s , l im ite d  in  geograph ic  e x te n t and th u s  d i f f i c u l t  
to  c o r r e la te .
Evidence th a t  th e se  d ia g e n e tic  c o n ta c ts  e x i s t  w ith in  th e  s tudy  
a re a  r a i s e s  q u e s tio n s  re g a rd in g  p rev io u s  mapping and in te r p r e ta t io n  
o f th e se  c o a s ta l  p la in  s t r a t a .  Do th e se  p re v io u s ly  mapped c o n ta c ts  
between th e  N o rfo lk , K em psville, Sand B ridge and p o s s ib ly  th e  
Londonbridge Form ations r e p re s e n t:  1) e ro s io n a l  h ia tu s e s  correspond­
ing  to  m ajor g la c io - e u s ta t i c  f lu c tu a t io n s  o r  m inor o s c i l l a t i o n s  in  
sea  le v e l  du rin g  an in t e r g l a c i a l  i n t e r v a l ,  2) storm  e ro s io n  and la g  
c o n c e n tra tio n , o r  3) groundw ater le ac h in g  o f  f o s s i l s  le a v in g  an 
ap p aren t co n tac t?  I f  th e se  c o n ta c ts  a re  n o t g la c io - e u s ta t ic  induced 
h ia tu s e s ,  how does t h i s  im pact th e  in te r p r e ta t io n  o f th e se  d e p o s its
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as  f a r  a s  l a t e  P le is to c e n e  ev en ts?  Furtherm ore, i f  e ro s io n  d id n 't  
occur betw een th e  K em psville  and Sand B ridge  Form ations th en  th e  
geomorphic e x p re ss io n  o f  th e  H ickory S carp , which i s  la r g e ly  th e  
s u rfa c e  o f  th e  K em psville  Form ation , may n o t be due to  e ro s io n a l 
n o tch in g  by a su bsequen t t r a n s g re s s io n . A lte rn a t iv e ly ,  th e  3 to  4 .5  
m eter (10-15 f t )  e le v a t io n  drop w ith in  abou t 500 m eters a c ro ss  the  
sca rp  p re v io u s ly  in te r p r e te d  a s  post-K em p sv ille  no tch ing  (Oaks and 
Coch, 1973) may r e p re s e n t  an o r ig in a l  seaward s lo p in g  sh o re fa c e .
In  o rd e r  to  a c c u ra te ly  i n t e r p r e t  th e  c o n d itio n s  o f  d e p o s it io n a l  and 
th e  s e q u e n tia l  developm ent o f  th e  H ickory Scarp sedim ents a  more 
d e ta i le d  d e p o s i t io n a l  model o f t h i s  b a r r i e r  i s l a n d 's  developm ent 
needs to  be c o n s tru c te d .
P urpose and O b je c tiv es  o f  In v e s t ig a t io n
T h is  in v e s t ig a t io n  t e s t s  th e  e a r l i e r  h y p o th esis  th a t  a t  l e a s t  
fo u r  d i s t i n c t  d e p o s i t io n a l  e v en ts  a re  re p re se n te d  in  th e  H ickory 
Scarp a r e a ,  i . e .  th e  N o rfo lk , th e  K em psville , th e  Londonbridge and 
th e  Sand B ridge F o rm atio n s. T h is h y p o th e s is  co n s id e rs  th e s e  u n i t s  
a s  re p re s e n tin g  d i f f e r e n t  tr a n s g re s s io n s  w ith  e ro s io n a l c o n ta c ts  
between them (Oaks, 1965). A l te r n a t iv e ly ,  th e  h y p o th esis  t h a t  th e se  
fo rm atio n s  r e p re s e n t  one g la c io - e u s ta t i c  tra n s g re s s iv e  c y c le  w ith  
m inor f lu c tu a t io n s  w i l l  be c o n sid e re d . Each h y p o th esis  im p lie s  a 
s ig n i f i c a n t ly  d i f f e r in g  se a  l e v e l  and c l im a t ic  h is to ry  f o r  sou th ­
e a s te rn  V irg in ia  d u rin g  th e  l a t e  P le is to c e n e .
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The f i r s t  o b je c t iv e  o f  t h i s  in v e s t ig a t io n  was to  f u r th e r  r e f in e  
and develop a d d i t io na l  d e t a i l  re g a rd in g  th e  s t r a t ig r a p h ic  r e l a t io n ­
sh ip s  in c lu d in g  l i t h o f a c i e s  changes f o r  th e  upper 6-12 m eters (20 -  
40 f t )  w ith in  th e  s tu d y  a re a  in  o rd e r  to  a s s i s t  in  v a l id a t in g  th e  
n a tu re  o f  p re v io u s ly  mapped c o n ta c ts  between fo rm ations which were 
d e fin e d  by Oaks and Coch (1973) a s  e ro s io n a l .  The n e c e s s i ty  o f 
v e r i fy in g  th e  n a tu re  o f  th e se  c o n ta c ts  betw een u n i t s  a ro se  from th e  
f a c t  th a t  each e ro s io n a l  c o n ta c t was p re v io u s ly  in te rp re te d  as  
re p re s e n tin g  in d iv id u a l  g la c io - e u s ta t i c  se a  l e v e l  f lu c tu a t io n s .
I f  th e se  c o n ta c ts  a r e  d ia g e n e tic  and n o t e ro s io n a l  in  n a tu re , th en  
a  new in t e r p r e t a t i o n  o f l a t e  P le is to c e n e  sea  l e v e l  h is to r y  i s  c a l le d  
f o r .  A second g o a l o f  th e  s tu d y  was to  u t i l i z e  exposures from sand 
p i t s ,  a s  w e ll a s  v ib ra c o re s ,  s p l i t  spoon co re s  and hand auger b o rin g s  
from betw een p i t s  to  de term ine  th e  d e t a i l s  o f  d e p o s it io n a l env iron ­
ments and v e r t i c a l  tre n d s  in  th e  s tu d y  a re a .  A th i r d  o b je c t iv e  was 
to  c o n s tr u c t  a  model o f c o a s ta l  b a r r i e r  i s la n d  d e p o s it io n  f o r  th e  
most n o r th e rn  segment o f  th e  H ickory Scarp d u rin g  l a t e  P le is to c e n e  
tim e to  a s s i s t  i n  t e s t in g  th e  p re v io u s ly  s ta t e d  hypo theses.
The f i r s t  h y p o th e s is  th a t  a t  l e a s t  fo u r  d i s t i n c t  d e p o s it io n a l 
u n i t s  e x i s t  in  th e  H ickory Scarp a re a  in  an o ff la p p in g  r e la t io n s h ip  
w ith  th e  Scarp and th a t  th e se  u n i t s  r e p re s e n t  a t  l e a s t  th re e  d i f f e r e n t  
t ra n s g re s s io n s  can be v e r i f i e d  by e s ta b l is h in g  th a t  e ro s io n a l c o n ta c ts  
e x i s t  betw een them. I f  th e  second h y p o th e s is  th a t  th e  N orfo lk  (Qn), 
K em psville (Qk), Sand B ridge (Qsb) and p o s s ib ly  th e  Londonbridge (Qlb) 
fo rm atio n s  r e p re s e n t  f a c ie s  o f a s in g le  tra n s g re s s iv e  even t i s  c o r r e c t ,
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th en  a d ja c e n t f a c ie s  shou ld  f i t  a  model o f l a t e r a l  change th a t  
conforms to  modern c o a s ta l  d e p o s its .  E ro sio n a l c o n ta c ts  should  n o t 
be found between f a c ie s  excep t f o r  lo c a l  ev en ts  such a s  s to rm s, and 
f a c ie s  should  grade in to  one an o th er w ith o u t ev idence o f prolonged 
n o n -d ep o s itio n  even i f  th e  l i th o lo g ie s  o f th e  f a c ie s  d i f f e r .
Evidence f o r  p ro longed  n o n -d ep o s itio n  in  th e se  d e p o s its  might: 
in c lu d e  a  w eathering  h o riz o n , a  su rfa c e  which i s  n o tic e a b ly  more 
burrowed th an  th e  u n i t  below o r  above, a  sharp  change in  p a le o -  
c l im a tic  in d ic a to r s  a c ro ss  a  c o n ta c t, o r  a  c o n ta c t between env iron­
m ents which do n o t occu r a d ja c e n t to  one a n o th e r . Faunal assem blages 
should  c o r r e la te  w ith in  a  d e p o s it io n a l u n i t  w ith  re s p e c t to  th e  
tem pera tu re  and s a l i n i t y  regim es re p re se n te d  by fauna (Spencer and 
Campbell, i n  re v ie w ). F ie ld  mapping should  e s ta b l i s h  th a t  d i f f e r e n t  
v e r t i c a l  sequences e x i s t  in  a d ja c e n t p i t s  and o r  in  b o rin g s  along 
th e  H ickory Scarp . In  a d d itio n  to  f i e l d  mapping, sed im en to log ic  and 
p a le o n to lo g ic  ev idence can be used to  compare th e se  u n i t s .
A th i r d  p o s s i b i l i t y  i s  th a t  th e re  i s  too  much v a r i a b i l i t y  w ith in  
th e  u n i t s  s tu d ie d  to  e s ta b l i s h  w hether one o r s e v e ra l  tra n s g re s s io n s  
occu rred  d u rin g  d e p o s it io n  o f  l a t e  P le is to c e n e  H ickory Scarp sed im en ts . 
T h is could  be due to  ra p id  f a c ie s  changes, freq u e n t g ra v e l la g s ,  and 
w idespread d ia g e n e tic  a l t e r a t i o n s .
O ther problem s co m p lica tin g  th e  mapping and in te r p r e ta t io n  of 
P le is to c e n e  C oasta l P la in  s t r a t ig ra p h y  a re  th e  u n c e r ta in t ie s  invo lved  
w ith  th e  e s ta b lish m e n t o f iso ch ro n s  because o f th e  d i f f i c u l t y  of
10
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o b ta in in g  r e l i a b l e  d a te s ,  th e  la c k  o f b io s tra t ig ra p h y  and th e  many 
f a c ie s  changes and e ro s io n a l s u r fa c e s . A ll o f th e  sed im ents in  th e  
s tu d y  a re a  a re  beyond s tan d a rd  d a tin g  l im i t s  o f  carbon 14 (approx i­
m ate ly  40,000 y e a r s ,  Oaks e t  a l .1 9 7 4 ) . Uranium s e r ie s  d a te s  taken  
on c o ra ls  a r e  l im ite d  to  h o rizo n s  where th e se  f o s s i l s  o ccu r. Amino 
a c id  racem iza tio n  d a tin g  tech n iq u es  appear to  g iv e  v a r ia b le  ages 
depending on geochem ical f a c to r s  n o t f u l l y  understood  (C ronin , 1982).
The d a ta  from t h i s  s tu d y  may h e lp  to  determ ine which c r i t e r i a  
a r e  most u s e f u l  f o r  d is t in g u is h in g  mapable u n i t s  and determ in ing  
t h e i r  d e p o s it io n a l  h i s to r y ,  e s p e c ia l ly  in  po rous, d ia g e n e t ic a l ly  
a l te r e d  c o a s ta l  p la in  sed im en ts . Thus one q u e s tio n  to  be answered i s  
w hich p aram eters  g iv e  th e  most in fo rm atio n  about d e p o s it io n a l 
environm ents, i . e .  t e x tu r a l  param eters  and t re n d s , sed im entary  
s t r u c tu r e s ,  ev idence  f o r  sea  l e v e l  f lu c tu a t io n s ,  b io s tra t ig ra p h y , 
and f a c ie s  r e la t io n s h ip s .
11
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CHAPTER 2 
REGIONAL GEOLOGIC SETTING 
G eneral S tru c tu re
The c o a s ta l  p la in  o f  V irg in ia  l i e s  between th e  f a l l  l i n e  to  th e  
w est and th e  A t la n t ic  Ocean. I t  i s  made up o f  pre-M esozoic c r y s t a l ­
l in e  basem ent ro ck s o v e r la in  by seaw ard d ip p in g  wedges o f s l i g h t l y  
c o n so lid a te d  and u n co n so lid a ted  M esozoic and Cenozoic sed im ents 
(R ich ard s, 1967). The n o r th -so u th  s t r ik in g  ea s tw a rd -fa c in g  
S u ffo lk  Scarp s e p a ra te s  th e  o ld e r  in n e r  and younger o u te r  c o a s ta l  
p la in  sed im en ts . W ith in  th e  c o a s ta l  p la in  a r e  r e l i c t  m arin e , bay , 
s h o re lin e  and open m arine f e a tu r e s  developed by t r a n s g re s s iv e -  
r e g re s s iv e  c y c le s  o f  th e  ocean and m odified  to  some degree  by r iv e r s  
during  g l a c i a l  p e r io d s .
The s tu d y  a re a  i s  c lo se  to  th e  c e n te r  o f  th e  F o r t Monroe High 
and bounded on th e  n o r th  by th e  S a lisb u ry  Embayment and to  th e  so u th  
by th e  Pam lico B asin  o r H a tte ra s  Low (R ich ard s, 1967). I n te r m i t te n t  
te c to n ic  movements d u rin g  th e  d e p o s it io n  o f t e r t i a r y  c o a s ta l  p la in  
sed im ents have r e s u l te d  in  th in n in g  and lo c a l  t ru n c a tio n  a c ro ss  
basem ent h ig h s  such a s  th e  F o r t Monroe High and th ic k e n in g  over 
a d ja c e n t basem ent lows (S p ran g le r and P e te rso n , 1950). T e c to n ic a lly , 
th e  A t la n t ic  C o asta l P la in  ap p ea rs  to  have been r e l a t i v e ly  s ta b le  
d u rin g  th e  Cenozoic and e s p e c ia l ly  th e  Neogene (D oerine, 1960; 
LeGrand, 1961; K ing, 1965; B lackw elder, 1981). P re c is e  com parison 
o f sea  l e v e l  changes a lo n g  th e  A t la n t ic  c o a s t over a  3 1 -y ear p e rio d
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in d ic a te s  th a t  th e  r a t e  o f  c o a s ta l  subsidence  r e l a t i v e  to  so u th ern  
Maine in c re a s e s  l i n e a r i l y  a  t o t a l  o f  0.214 cm /yr from M aine, where 
th e  e f f e c t s  o f  g la c i a l  rebound a re  g r e a te r ,  to  V irg in ia . The 
a b so lu te  r a t e  o f subsidence  in  V irg in ia  p re s e n t ly  approxim ates th e  
r e l a t i v e  r a t e  a t  Maine, which i s  c lo se  to  th e  e s tim a te d  g la c io -  
e u s ta t i c  r i s e  o f abou t 2 cm /yr. Recent v e r t i c a l  movements, e i th e r  
i s o s t a t i c  o r  o th e rw ise , a re  in s ig n i f ic a n t  so u th  o f V irg in ia  (H icks,
1972). C ronin (1980) concluded th a t  in  a  g e n e ra l sen se , sea  l e v e l  
h igh  s ta n d s  in  th e  C o as ta l P la in  P lio cen e  and P lie s to c e n e  c o r r e la te  
w ith  p e r io d s  o f g lo b a l a n d /o r hem ispheric  warm p e rio d s  and th a t  th e  
prim ary  component e f f e c t in g  lo c a l  sea  l e v e l  re c o rd s  f o r  th e  p a s t  
3 M.Y. has  been g l a c i a l .  C ronin a ls o  concluded th a t  due to  lo c a l  
inhom ogeneities r e s u l t in g  from d i f f e r e n t i a l  u p l i f t  and su b sid en ce , 
r e l a t i v e  se a  l e v e l  ch ro n o lo g ies  f o r  any p a r t i c u l a r  re g io n  o f  th e  
c o a s ta l  p la in  may n o t n e c e s s a r i ly  correspond  to  th a t  o f  a n o th e r a re a . 
Due to  th e  la c k  o f  s u b s ta n t ia l  ev idence to  th e  c o n tra ry , s t r u c tu r a l ly  
induced sea  l e v e l  f lu c tu a t io n s  d u rin g  th e  P le is to c e n e  w i l l  n o t be 
ad d re ssed .
Geomorphology
Most o f  th e  geom orphologic su b d iv is io n s  p re se n te d  i n  p rev io u s  
works a r e  n o t used because o f t h e i r  g e n e tic  im p lic a tio n s  and 
inadequacy in  d e sc rib in g  th e  morphology o f th e  study  a r e a .  The 
more g e n e ra l d e s c r ip t iv e  term s p re sen te d  by Oaks e t  a l .(1 9 7 4 )  a re  
r e ta in e d .
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The term  p la in  and f l a t  a re  used to  d e sc rib e  b road , 
l i t t l e - d i s s e c t e d  a re a s  o f  low r e l i e f  th a t  a re  seaw ard- 
s lo p in g  and v i r t u a l l y  h o r iz o n ta l ,  re s p e c t iv e ly .  R ise  
r e f e r s  to  a  lan d w ard -slo p in g  s u r fa c e . Swales a re  
l i n e a r  low s. Ridge and sca rp  d is t in g u is h  th e  morpho­
logy  o f s te e p -s id e d  f e a tu re s  th a t  s e p a ra te  p la in s ,  
f l a t s ,  and r i s e s  ly in g  a t  d i f f e r e n t  a l t i t u d e s .  An 
upland i s  a  d is s e c te d ,  r o l l i n g  s u r fa c e . (Oaks e t  a l .
1974).
The s tu d y  a re a  i s  s i tu a te d  29 km (18 m ile s ) e a s t  o f th e  S u ffo lk  
Scarp on th e  o u te r  c o a s ta l  p la in .  The a re a  e a s t  o f th e  S u ffo lk  
Scarp may be broken in to  s e v e ra l  m ajor m orphologic su b d iv is io n s  which 
from w est to  e a s t  a re :  th e  Churchland F la t ,  th e  Dismal Swamp, th e
Deep Creek Swale, th e  F e n tre s s  R ise , th e  H ickory Scarp , th e  Mount 
P le a sa n t F l a t ,  th e  Land-of-Prom ise R idge, and th e  P r ic e s s  Ann R ise  
(F igu re  3 ) .  L o c a lly , d e p o s it io n a l  and p o s s ib le  e ro s io n a l fe a tu re s  
such a s  th e  H ickory Scarp which can be tra c e d  from n ea r th e  Chesapeake 
Say to  A lbem arle Sound (F igu re  2) a re  prom inent in  th e  s tudy  a re a  
(F igure  4 ) .  Wentworth (1930), Sanders e t  a l .  (1962), and Oaks e t  a l .
(1974) have d e sc rib ed  th e se  geograph ic  fe a tu re s  in  d e t a i l .
The o u te r  c o a s ta l  p la in  d is p la y s  elem ents o f d e p o s it io n a l and 
e ro s io n a l morphology. Most o f th e  m ajor and minor m orphologic 
e n t i t i e s  d is p la y  a  dominant n o r th -so u th  to  n o rth e a s t-so u th w e s t tre n d  
which approxim ates th e  p re se n t sea  c o a s t .  These f e a tu re s  r e s u l t  
p r im a r i ly  from m arine d e p o s it io n a l  p ro ce sses  and a re  in  f a c t  p re ­
served  b a r r i e r  is la n d s  and t h e i r  a s s o c ia te d  d e p o s its  (Oaks and Coch,
1973). These b a r r i e r s  were a p p a re n tly  breached by t i d a l  channels 
which scoured  o u t pathways f o r  modern d ra in ag e  system s such a s  the
14
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E a s te rn  Branch o f  th e  E liz a b e th  R iver in  th e  s tu d y  a re a  (F ig u re  5 ) .  
The e x a c t p o s i t io n  o f  th e se  r e l i c t  b a r r i e r  complexes i s  p o s s ib ly  due 
to  th e  d is s e c te d  pa leo topography  o f th e  Yorktown Form ation (W hite, 
1966 and 1978). A su sp ec ted  topograph ic  h ig h  in  th e  Yorktown 
s u rfa c e  i s  lo c a te d  approx im ate ly  under th e  H ickory Scarp and may 
have i n i t i a t e d  th e  developm ent o f  th e  H ickory Scarp b a r r i e r  and 
p o s s ib ly  c o n tro l le d  th e  developm ent and p o s i t io n in g  o f o th e r  b a r r i e r  
complexes to  th e  e a s t  and w e st. A lso p o s s ib le ,  i s  th e  development 
o f  th e  S u ffo lk  Scarp p a r t ly  a s  a  r e s u l t  o f  a  n o rth e a s t-so u th w e s t 
tre n d in g  f a u l t  system . T h is sca rp  was p robably  l a t e r  m odified  by 
e ro s io n  and d e p o s it io n  o f  a  beach during  h igh  sea  le v e l  (Johnson, 
1976).
The e x a c t c o n tro l  each o f th e se  v a r ia b le s  may have had on th e  
m orphologic developm ent o f th e  o u te r  c o a s ta l  p la in  i s  n o t known, 
however, i t  i s  su sp ec ted  th a t  th e  d is s e c te d  P lio cen e  su r fa c e  o f th e  
Yorktown Form ation has p layed  a  s ig n i f i c a n t  r o le .  For example,
W hite (1966) h as  suggested  th a t  th e  modern d ra in ag e  p a t te r n s  in  th e  
c o a s ta l  p l a in  o f  Worth C aro lin a  r e f l e c t  th e  d is s e c te d  Yorktown 
s u r fa c e .
Johnson (1976) and in  p e rso n a l com m unications, has id e n t i f i e d  
beach d e p o s its  o f approxim ate K em psville age a long  th e  b ase  o f th e  
S u ffo lk  S carp , 7 .6  m ete rs  (25 f t )  above p re s e n t sea  l e v e l ,  which he 
b e lie v e s  re p re s e n t  th e  most landw ard e x te n t o f th e  m id-W isconsinan 
o r  Sangamon tr a n s g re s s io n .
17
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F ig u re  5 G en era lized  Topography o f S o u th easte rn  V irg in ia . 
C ontours a re  in  F eet Above Mean Sea Level 
(Adapted From Oaks and Coch, 1973)
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S tr a t ig r a p h ic  S e tt in g
G eneral S tatem ent
The s t r a t ig r a p h ic  h o rizo n s s tu d ie d  in c lu d e  th e  uppermost G reat 
B ridge Form ation, th e  N orfo lk  Form ation, th e  K em psville Form ation, 
th e  Sand B ridge Form ation and , to  a  sm all e x te n t ,  th e  Londonbridge 
Form ation (Oaks and Coch, 1973). A ll o f th e se  fo rm ations were 
d ep o sited  du rin g  th e  l a t e  P le is to c e n e  a s  ev idenced  by uranium  s e r ie s  
d a te s  o f 62,000 to  86,000 y e a rs  B .F . f o r  th e  N orfo lk  and K em psville 
Form ations and carbon 14 d a te s  o f  g r e a te r  th an  40,000 y e a rs  B .P . fo r  
th e  Sand B ridge Form ation, th e  youngest u n i t  in  th e  H ickory Scarp 
sequence.
G reat B ridge Form ation
Oaks and Coch (1973) mapped th e  G reat B ridge Form ation from 
N orfo lk  to  th e  V irg in ia -N o rth  C aro lin a  b o rd er and from th e  Deep 
Creek Swale to  th e  A tla n t ic  Ocean. W ith in  th e  H ickory Scarp th e  
fo rm atio n  i s  encountered  only  in  th e  d eep est sand p i t s  and b o rin g s , 
approx im ate ly  4 .5 -6  m eters  (15-20 f t )  below sea  l e v e l .  T h is forma­
t io n  was named and i n i t i a l l y  d e sc rib e d  by C lark  and M ille r  (1906) and 
su b seq u en tly  re d e fin e d  by Oaks (1965) and Oaks and Coch (1973).
The G reat B ridge unconform ably o v e r l ie s  th e  Yorktown Form ation and 
can be d iv id ed  in to  a  c o a rse -g ra in e d  low er member and an upper 
member c o n s is t in g  o f th re e  s e p a ra te  f a c ie s .  The upperm ost f a c ie s  
i s  id e n t i f i e d  in  th e  H ickory Scarp a re a .
19
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Norfolk Formation
The N orfo lk  Form ation u n d e r lie s  most o f th e  a re a  from th e  S u ffo lk  
Scarp in  th e  w est to  th e  Oceana Ridge in  th e  e a s t .  In  some a re a s  
a long  th e  James R iver and o th e r  s tream s i t  ex tends f o r  s h o r t  d i s ­
tan ces  w est o f  th e  S u ffo lk  Scarp . The f o s s i l i f e r o u s  m arine sands 
and c la y s  o f  th e  N orfo lk  Form ation were f i r s t  named by C lark  and 
M ille r  (1906). They looked a t  dredge s p o i l  taken  from th e  Dismal 
Swamp Canal which they  in te r p r e te d  a s  an o ffsh o re  d e p o s it .  Oaks 
(1965) and Coch (1968) d iv id ed  th e  N orfo lk  Form ation in to  e ig h t  
f a c ie s ;  o f  th e s e ,  on ly  th e  Qn8, which they  in te rp re te d  a s  an  o ffsh o re  
m arine f a c ie s ,  o ccu rs  in  th e  H ickory Scarp a re a .
As mapped by Oaks and Coch (1973) th e  N orfo lk  Form ation con­
form ably o v e r l ie s  th e  G reat B ridge Form ation and i s  unconform ably 
o v e r la in  by th e  K em psville Form ation in  th e  study  a r e a .
K em psville Form ation
The K em psville Form ation was f i r s t  mapped by Oaks and Coch (1963) 
to  d e sc r ib e  th e  beach and dune d e p o s its  con ta in ed  in  th e  H ickory Scarp . 
The K em psville Form ation o u tc ro p s  d i r e c t ly  a long  th e  H ickory Scarp a t  
e le v a tio n s  o f 4 .5  to  7 .6  m eters  (15-25 f t )  above sea  l e v e l .  In  some 
p la c e s  th e  K em psville Form ation ex tends f o r  sh o r t  d is ta n c e s  to  th e  
e a s t  o f th e  H ickory S carp . J u s t  so u th  o f K em psville, V irg in ia , Oaks 
(1965) mapped t h i s  fo rm atio n  up to  3 .2  km (two m ile s )  to  th e  e a s t  o f 
th e  Scarp u s in g  b o rin g s . The K em psville c o n s is ts  o f f in e _ to  co a rse ­
g ra in e d , c rossbedded , pebbly  sands w ith  abundant abraded shallow
20
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w ater m arine s h e l l s  (Oaks e t  a l ,  1974). The s h e l l s  th a t  have been 
p rese rv ed  w ith in  th e  s tu d y  a re a  a r e  u s u a lly  found in  is la n d s  su r­
rounded by an i r r e g u la r  th in  i r o n  ox ide  la y e r  (1-20 mm t h i c k ) . These 
occur where abundant amounts o f broken and d i s a r t i c u la te d  s h e l l s  
and c a lc a re o u s  worm tu b e s  have been d e p o s ite d .
Londonbridge Form ation
The Londonbridge Form ation was named by Oaks and Coch (1963).
I t  o u tc ro p s  a lo n g  th e  Oceana R idge between e le v a tio n s  o f  5 .1  and 9 
m eters  (17 and 30 f t )  above se a  l e v e l ,  and from Broad Bay to  th e  
w est up to  and along  th e  Diamond S prings Scarp (F ig u re s  2 and 3 ) .
To th e  w est o f  th e  Oceana Ridge th e  Londonbridge o ccu rs  a s  a  one to  
th re e  m e te r - th ic k  b la n k e t which u n d e r l ie s  most o f th e  Mount P le a sa n t 
F la t ,  Deep Creek Swale and th e  e a s te rn  p o r t io n  o f th e  Dismal Swamp 
(Oaks, 1965). The Londonbridge c o n s is ts  o f  a  f in e  to  c o a rse -g ra in e d , 
crossbedded sand f a c ie s  which o ccu rs  a long  th e  Oceana Ridge and along 
th e  Diamond S p rin g s Scarp  and a p p a re n tly  in t e r f i n g e r s  w ith  a  c lay ey - 
s i l t  f a c ie s  to  th e  w e s t. Oaks and Coch (1973) in te r p r e te d  th e se  
d e p o s its  a s  be in g  b a r r i e r  i s la n d  and lagoon , r e s p e c t iv e ly .  The age o f 
th e  Londonbridge Form ation i s  p re-S and  B ridge and post-K em psv ille  
having  a  carbon 14 d a te  o f g r e a te r  than  40,000 y e a rs  B .P .
The Londonbridge Form ation i s  encoun tered  o n ly  in  th e  e a s te rn ­
most s e c t io n  o f th e  s tu d y  a re a  in  b o rin g s  and i s  n o t a c c e s s ib le  fo r  
d e ta i le d  s tu d y  in  the  sand p i t s  a long  th e  H ickory S carp . _For th e se  
rea so n s  th e  Londonbridge Form ation i s  n o t c o n sid e red  in  d e t a i l .
21
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Sand Bridge Formation
The Sand B ridge Form ation, named by Oaks and Coch (1963), 
c o n s is ts  o f a  low er sand u n i t  and an upper mud u n i t  which sh a rp ly  
o v e r l ie s  th e  H ickory Scarp sed im ents to  th e  e a s t  and w est. This 
mud u n i t  o r  m u d fla t m arsh complex th in s  d i r e c t l y  over th e  H ickory 
Scarp and th ic k e n s  to  th e  e a s t  and to  th e  w est e s p e c ia l ly  in  p re ­
v io u s ly  formed b reech es  in te r p r e te d  a s  r e l i c t  t i d a l  channels th a t  
d iv id e  th e  H ickory Scarp in to  segm ents.
This upper member o f th e  Sand B ridge Form ation o u tc ro p s  over 
most o f th e  a re a  e a s t  o f th e  S u ffo lk  S carp . This u n i t  i s  v a r ia b le  
in  n a tu re  and may be d iv id ed  in to  s ix  m ajor f a c ie s  rec o g n iza b le  over 
la rg e  a re a s  (Oaks, 1965). They a re  a s  fo llo w s: a c layey  sand
f a c ie s  th a t  o u tc ro p s  around Nansemond R iver and along th e  w este rn  
Branch o f th e  E liz a b e th  R iv er; a  s i l t y  sand f a c ie s  th a t  l i e s  beneath  
th e  e a s te rn  Churchland F la t ;  a  sand f a c ie s  due e a s t  o f th e  S u ffo lk  
Scarp ; a  c l a y - s i l t  f a c ie s  u n d e rly in g  th e  Dismal Swamp and th e  w estern ­
most p a r t  o f  th e  Churchland F la t ,  Deep Creek Swale, and Mount P le a s ­
a n t F la t  (a  s im i la r  d e p o s it  o v e r l ie s  th e  K em psville Form ation along 
th e  H ickory Scarp and has been mapped w est o f th e  sca rp  c r e s t  fo r  
s e v e ra l  k ilo m e te rs ); a  sand f a c ie s  th a t  o u tc ro p s  a long th e  I n t r a ­
c o a s ta l  Waterway; and, a  n o r th -so u th  tre n d in g  s e r i e s  o f sand and 
c l a y - s i l t  f a c ie s  th a t  a r e  exposed a t  th e  su r fa c e  in  th e  Sand Ridge 
and Mud F la t  Complex (F ig u re  3 ) .  As in te r p r e te d  by Oaks (1965) 
t h i s  complex belongs to  a b a r r i e r  is la n d  and lagoon system .
22
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The low er member o f  th e  Sand Bridge Form ation o u tcrops a long 
m ajor d ra in ag e  system s and in  some o f th e  deeper d ra inage  d itc h e s . 
G eograph ica lly  i t  u n d e r lie s  th e  Mount P le a sa n t F la t  and norm ally 
f a l l s  between th e  e le v a tio n s  o f 1 .5  to  3 m eters (5-10 f t )  b u t on 
o ccasio n  occurs  from 0 to  7 m eters (0-25 f t )  above sea  l e v e l .  I t  
ex tends n ea r th e  s u rfa c e  under th e  n o rth e rn  p a r t  o f th e  Dismal 
Swamp a t  3 .3  to  5 .8  m eters  (10-20 f t )  above sea  l e v e l .  In  the  
so u th e rn  p o r tio n s  o f  th e  Deep Creek Swale th e  top o f t h i s  u n i t  i s  
from 2 to  4 m eters  (7-13 f t )  above sea  le v e l .  This low er member 
c o n s is ts  o f  medium to  f in e  sands w ith  low ang le  to  h o r iz o n ta l  
lam inae th a t  a re  f re q u e n tly  o u tl in e d  by opaque m in e ra ls . Oaks 
(1965) in te r p r e te d  th i s  member a s  a beach d e p o s it .
W ith in  th e  lo c a l  study  a re a  th e  Sand Bridge c o n s is ts  o f a 
dense o rg an ic  r i c h  sandy c la y  w ith  abundant g rav e l and d isco n tin u o u s 
wavy la m in a tio n s . The Form ation i s  p a r t i c u la r ly  devoid o f f o s s i l s  
excep t f o r  a  few s c a t te r e d  b iv a lv e s  and m icro -fauna . A lso, abundant 
rem ains o f marsh g ra s s e s , probab ly  s p a r t in a ,  a re  found throughout 
th e  d e p o s it  (Oaks, 1965). Oaks and Coch (1963) dated  a p iece  o f 
wood from th e  upper member a s  being  g re a te r  than  40,000 y ears  B.P. 
by rad io carb o n .
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CHAPTER 3
METHODS
H ickory Scarp sedim ents were r e l a t iv e ly  a c c e s s ib le  through 
shallow  sand p i t s  up to  15 .2  m eters (50 f t )  and b o rin g s , and were 
id e a l ly  s u i te d  f o r  f u r th e r  s tudy  in  o rd e r to  e s ta b l i s h  th e  dep o si­
t io n a l  h is to r y  in  th i s  a re a  du rin g  th e  l a t e  P le is to c e n e . F igu re  6 
shows sample lo c a t io n s .  There were f iv e  sand p i t s  open along  th e  
H ickory Scarp and w ith in  th e  study  a re a ,  which p e rm itted  a  d e ta i le d  
exam ination  o f su b su rface  sed im en ts . F igure  7 p re s e n ts  a g e n e ra liz e d  
s e c t io n  o f  th e  H ickory Scarp . Three hundred seven ty  s p l i t  spoon 
b o rin g s  were o b ta in ed  to  o u t l in e  th e  g en e ra l s t r a t ig r a p h y  in  th e  
study  a r e a .  In  a d d it io n , ten  V ib raco res and fo r ty -n in e  hand auger 
co res  were taken  to  r e f in e  sed im en to log ic  and s t r a t ig r a p h ic  d e t a i l  
o f a re a s  between th e  sand p i t s  (see  Appendix A, P la te s  1 , 2 and 3 
fo r  photographs o f  t h i s  sam pling equipm ent).
Measured s e c t io n s  were taken  in  sand p i t s  w herever a c c e s s ib le  
o u tcrops e x is te d .  F ie ld  sedim ent d e s c r ip t io n s  were l a t e r  re f in e d  
w ith  sam ples analyzed  in  a la b o ra to ry  under a  b in o c u la r  zoom scope. 
One hundred seven ty -one s t r a t i f i e d  sam ples were taken  f o r  la b o ra to ry  
s ie v e  and p ip e t te  an a ly se s  u s in g  tech n iq u es  d esc rib ed  in  Folk (1974). 
S ize  p a ram eters  such as  mean, s o r t in g  and skewness from s ie v e  and 
ra p id  sedim ent a n a ly z e r measurements were p lo t te d  by depth-below  
th e  su rfa c e  in  o rd e r  to  re v e a l v e r t i c a l  tre n d s  (Appendix B ).
24
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(SEE MAP POCKET IN BACK COVER)
F ig u re  6 . Area Map Showing P r in c ip a l  Sample L oca tions 
(K em psville 7 .5  M inute Quadrangle O u tlined )
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26
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Measurements on th e  s t r i k e  and d ip  d i r e c t io n s ,  ty p e , and r e la t iv e  
abundance o f sed im en tary  s t r u c tu r e s  were taken  a t  measured s e c t io n s . 
Bulk sam ples were c o lle c te d  and washed f o r  m acrofauna. S evera l 
s e le c te d  sam ples were f lo a te d  f o r  m ic ro fo s s i ls  by sp r in k lin g  a 
d r ie d  p o r t io n  o f th e  sample in  carbon te t r a c h lo r id e .  Samples were 
f i l t e r e d  and mounted on p a le o g r id  s l id e s  fo r  id e n t i f i c a t io n .
Twenty 15 x 28 x  2 .5  cm pans were c o n s tru c te d . Pan co res 
were tak en  a t  s e le c te d  lo c a t io n s  in  th e  samd p i t s  by p re s s in g  th e  
pan in to  th e  w a ll and removing an in t a c t  s e c tio n  (see  Appendix A, 
P la te  4 ) .
These co re s  were l a t e r  X-rayed u s in g  a G eneral E le c t r ic  DXE 225 
d ia g n o s t ic  machine a t  s e t t in g s  o f  100 Ma, 58 Kv and exposed fo r  3 /5  
second. T his p rocedure  serv ed  to  h ig h l ig h t  s u b t le  sedim entary  
s t r u c tu r e s .
27
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CHAPTER 4
FINDINGS
Pebble Mud F ac ies  
The pebble  mud f a c ie s  b la n k e ts  th e  e n t i r e  study  a re a  th in n in g  
and in te r - f in g e r in g  w ith  th e  u n d e rly in g  u n fo s s i l i f e ro u s  sand f a c ie s  
d i r e c t ly  over th e  H ickory Scarp . The c o n ta c t between th e  pebb le  mud 
f a c ie s  and th e  u n f o s s i l i f e ro u s  sand f a c ie s  v a r ie d  from a b ru p t to  
t r a n s i t i o n a l  depending upon th e  p rox im ity  to  th e  H ickory S carp . On 
th e  e a s t  and w est s lo p e s  o f th e  sca rp  where th e  mud th ic k e n s  to  a 
maximum of 3 .3  m eters  (10 f t ) ,  th e  co n tac t i s  ab ru p t (Appendix A, 
P la te  5 ) . D ire c t ly  over th e  H ickory Scarp , e s p e c ia l ly  a t  th e  c r e s t  
(+6.0  m ete rs) th e  c o n ta c t i s  g ra d a tio n a l .  At sampled p o in ts  w ith  
e le v a tio n s  g r e a te r  th an  + 6 .0  m eters  (20 f t )  th e  pebble mud f a c ie s  
in te r - f in g e r s  w ith  th e  u n d e rly in g  u n fo s s i l i f e ro u s  sand f a c ie s .  At 
th e se  h ig h e r e le v a tio n s  c o n ta c ts  in t e r - f in g e r  over a 0 .46  m eter 
(1 .5  f t )  th ic k  zone. Throughout th e  pebble  mud f a c ie s ,  burrows 
extend down in to  th e  u n f o s s i l i f e r o u s  sand f a c ie s  and tend  to  g ive  
th e  c o n ta c t a  more g ra d a tio n a l appearance . G rea te r th an  1 k ilo m e te r 
e a s t  o f th e  H ickory Scarp c r e s t  under th e  Mt. P le a sa n t F l a t ,  th e  
c o n ta c t i s  g ra d a tio n a l over a zone averag ing  about 0 .33  m eters  
(1 f t )  th ic k . T h is pebb le  mud f a c ie s  corresponds to  th e  upper member 
of th e  Sand B ridge Form ation o f Oaks and Coch (1973).
T h is f a c ie s  c o n s is ts  o f a  p o o rly  so rte d  (3 .0  0 ) , p o s i t iv e ly  
skewed (4 .2 )  sandy c lay  having mean g ra in  s iz e  rang ing  from 5 .6  to
28
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6 .7  0 . T h is  u n i t  i s  h ig h ly  m o ttle d , d ark  brown w ith  ta n  s t r i a t i o n s ,  
and has d isco n tin u o u s  f in e  wavy la m in a tio n s . I t  has o n e - to - th re e  
c en tim e te r  d iam eter pebb les w ith  a  W addell roundness to  0.424 ± 0 .115 , 
f lo a t in g  in  a  mud m a tr ix  w ith  abundant o rg an ic  d e b r is .  L o c a lly , 
t h i s  f a c ie s  i s  leached  o f c a lc a re o u s  fauna b u t c o n ta in s  prom inent 
mud f i l l e d  barrow s which ex tend  down in to  th e  u n f o s s i l i f e ro u s  sand 
f a c ie s  a s  w e ll a s  g h o s ts  o f pe lecypods, some o f which a re  in  l iv in g  
p o s i t io n .  D ire c t ly  o v e rly in g  th e  H ickory Scarp a re  shallow  s h e l l  
f i l l e d  channels  which c u t 0 .3  to  0 .9  m eters (1 -3  f t )  in to  the  
pebble mud f a c ie s .  S h e lls  co n ta in ed  in  th e se  channels a re  broken , 
d i s a r t i c u la t e d ,  and f re q u e n tly  o r ie n te d  convex s id e  up. U sually  
th e se  s h e l l s  a re  p a r t i a l l y  leached  and o x id ized  and g e n e ra lly  cover 
th e  bottom  o f  th e  ch an n e ls . S h e lls  o f  E n sis  d ire c tu s  (C onrad), 
C ra sso s tre a  v i r g in ic a  (Gmelin) and M ercenaria m ercenaria  (L inneO  
were found w ith in  th e se  channels b u t n o t in  th e  pebbly mud i t s e l f .  
Abundant rem ains o f S p a rtin a  occur in  th e  p ebb le  mud f a c ie s  n ear th e  
c r e s t  o f th e  H ickory Scarp e s p e c ia l ly  a t  e le v a tio n s  g re a te r  than  
s ix  m eters  (20 f t )  b u t r a re ly  a t  th e  low er e le v a tio n s  to  th e  e a s t  
and w est o f th e  Scarp (Appendix A, P la te s  6 and 7 ) .
U n fo s s il ife ro u s  Sand F ac ies
T h is f a c ie s  co rresponds to  th e  K em psville Form ation o f Oaks 
and Coch (1973) and d i r e c t ly  u n d e r lie s  th e  pebb le  mud f a c ie s  and 
o u tc ro p s  a t  e le v a tio n s  o f +5 to  +8 m eters  (16-26 f t )  a long  th e  
H ickory S carp . In  th e  n o rth e rn  and so u th ern  ends o f th e  study  a re a ,
29
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where th e  Scarp i s  b reached , t h i s  f a c ie s  s h i f t s  westward in  tren d  
and p a r a l l e l s  th e  p re se n t d ra in a g e . The u n fo s s i l i f e r o u s  sand f a c ie s  
i s  th ic k e s t  d i r e c t l y  o ver th e  H ickory Scarp (e le v . +7 .6  m eters  
(+25 f t ) ;  th ic k n e ss  1 .8  to  4 .8  (6 to  16 f t )  and i s  tra c e d  f o r  about 
1 .6  km (1 m ile ) to  th e  w est and 1 .6  to  3 .2  km (1 -2  m ile s) to  th e  
e a s t  where i t  th in n ed  and e v e n tu a lly  p inched  o u t.
L i th o lo g ic a l ly  t h i s  f a c ie s  c o n s is ts  o f f in e  to  medium sand which 
i s  m odera tely  w e ll s o r te d ,  su b angu lar to  subrounded, w ith  abundant 
(0 to  10 p e rc e n t)  p eb b les  having  W addell roundness of 0.626 +0.185 and 
l e s s  th an  1-5 p e rc e n t opaques. F requen t wedge-shaped le n se s  o f c o a rse  
sand ran g in g  in  th ic k n e ss  from one to  50 cm a re  found. L im ited  
exposure o f th e se  w edge-shaped le n se s  in  th e  sand p i t s  p ro h ib ite d  
an a c c u ra te  assessm ent o f  t h e i r  l a t e r a l  e x te n t ;  however, w ith in  
th e  o u tc ro p s  they  cou ld  be tra c e d  over 50 m e te rs .
Sedim entary s t r u c tu r e s  c o n s is t  o f  low an g le  p a r a l l e l  lam inae 
d ipp ing  2° to  7° to  th e  ESE and WNW. These d ip s  a re  approxim ately  
p e rp e n d ic u la r  to  th e  d e p o s i t io n a l  s t r i k e  o f  th e  H ickory Scarp which 
i s  N27°E. These p a r a l l e l  lam inae were o u tl in e d  by dark , opaque 
m in e ra ls  a s  were th e  o c c a s io n a l sm all s c a le s  symmetric r ip p le  
c ro ssb ed s  th a t  occu rred  betw een and below th e  p a r a l l e l  lam inae 
(Appendix A, P la te s  8 and 9; F ig u re  8, 2 .5  to  7 f t ) .
Ghosts and c h it in o u s  h inge  ligam en t covers  o f M. m ercenaria  occur 
ab undan tly  in  zones im m ediately  w est o f  th e  H ickory Scarp , i . e .  in  
th e  Gomez Sand P i t  (Appendix A, P la te  1 0 ). O ther in p la c e  ob longated
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F ig u re  8 . Measured S e c tio n s  Gomez Sand P i t .  S u rface  E le v a tio n  
i s  20 F e e t (See F ig u re  7 fo r  Key to  Symbols)
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18
b iv a lv e  g h o sts  la ck in g  e x te rn a l  h inge ligam ent co v ers , a re  thought 
to  be S p isu la  s o l id is s im a . They a re  found to  th e  e a s t  o f th e  c r e s t  
o f th e  H ickory Scarp , in  th e  C ity  L ine and Womack sand p i t s  (F igure  
9, 7-9 f t  below th e  ground s u r fa c e , F igu re  10, 9-11 f t  below
th e  ground s u r fa c e , r e s p e c t iv e ly ) . The low er e x te n t o f  th i s  f a c ie s  
was marked in  some p la ce s  by a  s in g le  row o f in -p la c e  j>. so lid is s im a  
g h o s ts . I d e n t i f i c a t io n  i s  based on th e  morphology and s iz e  o f th ese  
s h e l l  g h o sts  r e l a t i v e  to  M. m ercenaria  g h o s ts .
The a c tu a l  e x te n t o f t h i s  f a c ie s  i s  unknown due to  in te n se  
le ach in g  and d ia g e n e tic  a l t e r a t i o n  in  o th e r  p i t s  where ground w ater 
removed a l l  f o s s i l s  and sometimes most o f th e  i r o n - r ic h  opaque 
m in e ra ls  th a t  o u t l in e  sedim entary  s t r u c tu r e s .  The p resence  of 
£5. s o lid is s im a  g h o s ts , th e  la c k  o f s h e l l  g h o s ts  above th i s  s in g le  
row of £[. so lid is s im a  and th e  s l i g h t ly  c o a rse r  g ra in  s iz e s  were 
used to  d i f f e r e n t i a t e  t h i s  f a c ie s  in  o th e r  exposures where leach in g  
and a l t e r a t i o n  has o ccu rred . S. s o lid is s im a  i s  no t ev id en t w est of 
th e  c r e s t  o f th e  Hickory Scarp and th e re fo re  i s  considered  a s  p a r t  
o f th e  c r i t e r i a  f o r  th e  u n fo s s i l i f e ro u s  sand f a c ie s  o n ly .
Leached F o s s i l i f e ro u s  Sand F ac ies
As d e sc rib ed  by Oaks and Coch (1973), th e  lower p a r t  o f the  
K em psville Form ation c o n s is ts  o f f in e  to  medium (Mz 1 .8  to  2 .5  0) 
m oderately  w e ll s o r te d , subangular to  subrounded sand w ith .ab o u t 
one p e rc en t opaque m in e ra ls . S h e ll gho sts  and burrowing in c re a se
32
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CENTRALNW WALL
F ig u re  9 . Measured S e c tio n s , C ity  L ine Sand P i t .  S u rface  E le v a tio n  
i s  15 F e e t (See F ig u re  7 fo r  Key to  Symbols) ~
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F ig u re  10. M easured S e c tio n s , Womack Sand P i t .  S u rface  E le v a tio n  
i s  15 F e e t (See F ig u re  7 f o r  Key to  Symbols) D ata 
C ourtesy  o f R. S. Spencer
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4299
downward. The l im i t s  o f  t h i s  f a c ie s  a r e  d e f in e d  by th e  o ccu rren ce  
o f  S.. so lid is s iiw a  and by th e  o c cu rren c e  o f  c a lc a re o u s , D e n ta lio n  
and S p iro b is  worm tu b e s  and M. m ercen a ria  (Appendix A, P l a t e  1 1 ) .
The low er boundary i s  marked by a  one to  th r e e  c e n tim e te rs  th ic k  i r o n  
o x id e  l a y e r  w hich d i r e c t l y  o v e r l i e s  a  dense  c o n c e n tra t io n  o f  un leached  
c a lc a re o u s  m arine  fau n a  (Appendix A, P la te  1 2 ) .
The l i m i t s  o f  t h i s  boundary a r e  d i f f i c u l t  to  d e f in e  because  o f 
in te n s e  le a c h in g  and d ia g e n e t ic  a l t e r a t i o n  to  d i f f e r e n t  d ep ths 
depending on lo c a t io n .  Where p r e s e n t ,  th e  boundary i s  ev idenced  by 
a  1 -10  cm th ic k  i ro n  o x id e  l a y e r .  T h is  i r o n  o x id e  l a y e r  co rresp o n d s 
to  th e  c o n ta c t  th a t  Oaks and Coch (1973) i d e n t i f i e d  a s  an  e ro s io n a l  
c o n ta c t  betw een th e  N o rfo lk  and K em psville  F o rm ations. In  th e  
T idew ater Sand Company sand p i t  where th e  i r o n  ox id e  la y e r  and g h o s ts  
o f  S . s o l id is s im a  a r e  a b s e n t ,  t h i s  f a c ie s  may be reco g n ized  by th e  
h ig h e r  d eg ree  o f  burrow ing a c t i v i t y ,  s l i g h t l y  f i n e r  mean g ra in  s iz e s  
and a  g r e a te r  v a r i e ty  o f  s h e l l  g h o st below r e l a t i v e  to  th e  u n fo s -  
s i l i f e r o u s  sand  f a c ie s  above, (F ig u re  11 , Appendix E ).
A number o f  le n s e s  o f  un leached  s h e l l  and sedim ent o ccu rin g  
w i th in  t h i s  f a c ie s  w ere d isc o v e re d  by th e  a u th o r .  A lthough no 
p o s i t iv e  i d e n t i f i c a t i o n  o f  fau n a  i s  p o s s ib le  in  le ach ed  p o r t io n s  
o f  t h i s  f a c i e s ,  th e  un leach ed  le n s e s  c o n ta in :  Busycon c o n tra riu m
(C onrad), U ro sa lp in x  c in e re a  (S ay ), P o l in ic e s  d u p lic a tu s  (S ay ), 
and H, m e rc en a ria  (L in n e ) . Fragm ents o f  c rab  claw s and" dense  
c o lo n ie s  o f  c a lc a re o u s  worm tu b e s  P e ta lo co n ch u s v a r ia n s  a r e  a ls o
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F ig u re  11. Measured S e c tio n s , T idew ater Sand Company Sand P i t .
S u rface  E le v a tio n  i s  10 F ee t ( S p l i t  Spoon Sampling 
d id  n o t R e tr ie v e  B oulders)
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found. The number o f is la n d s  o f  unleached s h e l l s  in c re a se  n ear th e  
low er l im i t s  o f t h i s  f a c ie s .
Im m ediately w est o f th e  c r e s t  o f th e  H ickory Scarp , in  th e  
Gomez and L a n d f i l l  sand p i t s ,  sed im entary  s t r u c tu r e s  c o n s is t  o f 
mud draped trough  c ro ssb ed s (F ig u re  1 2 ). These m egaripp les have a 
w avelength rang ing  from 20 to  s e v e ra l  hundred cen tim e te rs  and a 
h e ig h t o f a  few c e n tim e te rs  to  over 20 cm. The predom inant flow  
d ir e c t io n s  a re  toward th e  e a s t  and n o r th e a s t  in  th e  Gomez sand p i t  
which i s  lo c a te d  w est o f th e  H ickory Scarp c r e s t .  E as t o f th e  
H ickory Scarp c r e s t ,  i n  th e  Womack sand p i t  (S pencer, in  review ) 
and p a r ts  o f  th e  C ity  L ine and New L ig h t sand p i t s ,  m ud-lined 
troughs g ive  way to  s u b t le  r ip p le  and p la n a r  c ro ssb ed s th a t  d ip  
predom inantly  to  th e  southw est (Appendix A, P la te  13; F igu res io ,  
and 1 3 ) .
No change in  t e x tu r a l  param eters  o r sed im entary  s t r u c tu r e s  can 
be d e te c te d  a c ro ss  th e  low er bounding iro n  ox ide  la y e r .  In  many 
case s  bedding p la n es  and c rossbedding  a c tu a l ly  c u t a c ro ss  th i s  
ox ide  la y e r .  In  a d d i t io n , in  s i t u  M. m ercenaria  were found to  
b reach  t h i s  boundary w ith in  th e  Gomez p i t .  Here s in g le  specimens 
o f M. m ercenaria  have t h e i r  c a lca reo u s  s h e l l s  leached  w ith in  and 
above th e  iro n  oxide boundaries  b u t r e t a in  t h e i r  o r ig in a l  ca lca reo u s  
s h e l l  below t h i s  boundary (Appendix A, P la te  1 4 ).
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F ig u re  12. M easured S e c tio n , Land F i l l  Sand P i t .  S u rface  E le v a tio n  
i s  20 F ee t (See F ig u re  7 f o r  Key to  Symbols)
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F ig u re  13. M easured S e c tio n s , New L ig h t Sand P i t .  S u rfa ce  E le v a tio n  
i s  20 F e e t (See F ig u re  7 fo r  Key to  Symbols) -
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F o s s i l i f e ro u s  Sand F ac ies
T h is  f a c ie s  g ra d u a lly  o r  sh a rp ly  u n d e r l ie s  th e  leached  f o s s i l i -  
l i f e r o u s  f a c ie s  and ex ten d s from th e  base  o f th e  i ro n  oxide la y e r  
(+0.8 m e te rs , + 2 .5  f t  above sea  l e v e l  (ASL)) to  th e  top  o f a  b a sa l 
bou lder o r cobble  la y e r  ( -3 .3 0  m below sea  le v e l  (BSL)). This 
upperm ost b o u ld e r la y e r  co rresponds to  th e  base  o f  th e  N orfo lk  
Form ation and th e  top  o f th e  G reat B ridge Form ation a s  mapped by 
Oaks (1965) and Oaks and Coch (1973) a lth o u g h  th e se  au th o rs  d id  n o t 
r e p o r t  th e  o ccu rren ce  o f b o u ld e rs  a t  t h i s  c o n ta c t.
T his f a c ie s  c o n ta in s  two d i s t i n c t  s u b fa c ie s , th e  f i r s t  o f 
which i s  p redom inan tly  medium to  co arse  (0 .5  to  2 .0  0) p o o rly  so r te d  
(2 .6  0) su b angu lar to  subrounded sand , w ith  an abundance o f s h e l l  
d e b r is .  Sm all s c a le  herrin g b o n e  c rossbedd ing  w ith  w avelengths o f 
l e s s  th an  10 cm d ip p in g  bo th  e a s t  and w est dom inate th e  low er p o r tio n  
o f t h i s  f a c ie s .  The second su b fa c ie s  c o n s is ts  o f medium to  c o a rse  
(0 .5  to  2 .0  0) m odera tely  so r te d  (1 .2  0) sand and g rav e l w ith  
abundant wood d e b r is .  H erringbone c rossbeds in  0 .5  and 0.75 m eter 
s e t s  d ip  e a s t  and w est a t  16° to  25°. These c rossbeds cu t sh allow , 
la rg e  s c a le  tro u g h s w ith  w avelengths o f 1 .0  to  1 .5  m eters  and sou th ­
w est d ip s  o f 5° to  7 ° . These d e p o s its  a l t e r n a t e  lo c a l ly  w ith  1 .0  to  
1 .5  m eter la y e r s  o f  o rg an ic  r i c h  c la y s  (Appendix A, P la te s  15 and 
16; F igu re  9, c e n t r a l  and e a s t  w a lls ,  22 to  31 f t ) .
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The second s u b fa c ie s  c o n s is t s  o f  a  low er 0 .3  to  1 .0  m ete r th ic k  
la y e r  o f  c lo s e ly  packed _C. v i r g in ! c a  ( in  l i f e  p o s i t io n )  and p o o rly  
s o r te d  (1 .5  0) d a rk  g ray  to  b la c k  s i l t y  sand (M * 3 .6  0) abundant 
Ophiomorpha burrow s (C a ll ia n a s s a  s p p .)  and an abundance o f  o rg a n ic  
d e b r is .  Above t h i s  zone th e  second s u b fa c ie s  i s  v a r ia b le  w ith  
r e s p e c t  to  fa u n a l c o n te n t b o th  e a s t  and w est o f th e  H ickory Scarp 
c r e s t .  West o f  th e  c r e s t  o f  t h i s  sca rp  th e  fauna c o n s is t s  p re ­
dom inantly  o f  C. v i r g in ic a .  M. m e rc en a ria . _E. d i r e c tu s . U. c in e r e a . 
N a ssa r iu s  ( i ly a n a s s a )  O bso le tu s  (S ay ), N. t r i v i t t a t u s  (S ay ),
Nucula proxim a (S ay ), M arg in e lla  s p p . ,  Anadara tran sv .e rsa  (Say,
A. o v a l is  (B ru g u ie re ) , Busvcon co n tra riu m  (C onrad ).T agelus d iv is u s  
(S p e n g le r) , X* P le b e iu s  ( L ig h tfo o t) , P . heros and d u p l ic a tu s , 
L i t t o r in a  i r r o r a t a  (S ay ), Membranipora te n u is  (D eso r), v a r ia n s , 
A s t r e l i a  spp . and A stran g ia  sp p . In  th e  Gomez sand p i t ,  t h i s  second 
su b fa c ie s  i s  re p re se n te d  by two s in g le  l i f e  groups o f M. m ercenaria  
( in  l iv in g  p o s i t io n )  th a t  a r e  se p a ra te d  by 1 .5  m eters  o f  s i l t y  f in e  
sands c o n ta in in g  th ic k  d e p o s its  o f c a lc a re o u s  worm tu b es  and o th e r  
fauna  a s  l i s t e d  above. Some o f th e  M. m ercenaria  s h e l l s  a r e  
e n c ru s te d  w ith  bryozoan and worm tu b e s . D is a r t ic u la te d  M. m ercen aria  
s h e l l s  a r e  h e a v ily  d r i l l e d  w ith  sm all h o le s  o v e r th e  e n t i r e  a re a  
o f  th e  s h e l l  w h ile  s h e l l s  in  l iv in g  p o s i t io n  w ere c o n s is te n t ly  
d r i l l e d  o n ly  in  th e  upper o n e - th ird  o f th e  s h e l l  in  a  p a t te r n  
o r ie n te d  a lo n g  a  p la n e  ap p ro x im ate ly  25 deg rees  to  th e  h o r iz o n ta l  
(Appendix A, P la te  1 7 ) . The C ity  L ine sand p i t  e a s t  o f  th e  H ickory 
Scarp c r e s t  c o n ta in s  many o f th e  same sp e c ie s  w ith  c e r t a in  e lem en ts 
th a t  d i f f e r .  S p e c i f ic a l ly ,  th e r e  i s  a  la c k  o f th e  dense c a lc a re o u s
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worm tube bioherm s which were encountered  in  th e  w est, M. m ercenaria  
a re  few er in  number and seem to  be randomly d isp e rse d  th roughout 
th e  C. v i r g in ic a  la y e r s ,  and S .  s o lid is s im a  i s  common (F ig u re s  8 
and 9 , c e n t r a l  w a ll below the  s u r f a c e ) .  Also a  few bones o f  a  
w hale (p o ss ib ly  a  sperm w hale) were found in  t h i s  su b fa c ie s  a t  th e  
C ity  Line sand p i t .
B oulder Layer
The base  o f th e  f o s s i l i f e r o u s  sand f a c ie s  in  th e  H ickory Scarp 
i s  marked by a  d isco n tin u o u s  c o n c e n tra tio n  o f b o u ld ers  o r cobb les  
which i s  r a r e ly  more th an  one b o u ld e r th ic k .  In  th e  Gomez sand p i t ,  
two b o u ld er la y e r s  were sep a ra te d  by two m eters  (6 .6  f t )  o f e i th e r  
medium to  co arse  crossbedded sand o r  d ark  gray c la y  co n ta in in g  
J2. v i r g in ic a , M. m ercen a ria , M ytilus e d u l is  and abundant p la n t  
d e b r is  (Appendix A, P la te  18 ). The sedim ents ly in g  between th e se  
two b o u ld er la y e r s  correspond to  th e  upper member o f th e  G reat 
B ridge Form ation as  mapped by Oaks (1965). In  p la c e s  t h i s  bou lder 
la y e r  becomes a th in  pebbly  sand b u t where la r g e r  c l a s t s  a re  found 
they  range in  s iz e  from sm all cobb les to  b o u ld e rs  s e v e ra l  m eters  
in  le n g th . The u su a l long dim ension o f th e se  c l a s t s  ranges from 
two to  30 cm and t h e i r  shapes a re  d is c  to  o b la te  sp h e ro id s . The 
b o u ld e rs  a re  a p p a ren tly  o f Blue Ridge and Piedmont o r ig in  c o n s is t ­
in g  o f g re e n s to n e s , s c h i s t s ,  g n e is s , g r a n i te s  and crossbedded 
q u a r tz i te s  c o n ta in in g  worm tu b e s .
The upperm ost b o u ld e r la y e r  occurs  a s  a r e l a t i v e ly  f l a t  la y e r  
a t  about 3 .5  m eters  (12 f t )  below p re se n t sea  l e v e l .  I t  i s
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a s s o c ia te d ,  i n  m ost p la c e s ,  w ith  an  o v e r ly in g  0 .2  to  1 .0  m e te r 
(2 .6  -  3 .2  f t )  th ic k  C. v i r g i n ic a  l a y e r .  In  some c a se s  th e  o y s te r s  
a c tu a l ly  u se  th e  b o u ld e rs  a s  a  su b s tra tu m . Where th e  o y s te r s  a r e  
n o t p r e s e n t ,  th e  b o u ld e rs  a r e  d i r e c t l y  o v e r la in  by s t i c k y ,  o rg a n ic -  
r i c h  c la y s  a n d /o r  c ro ssb ed d ed , f in e  to  c o a rse  sands w hich a ls o  
c o n ta in  abundant o rg a n ic  d e b r is  (Appendix A, P la t e  1 9 ).
The b o u ld e rs  r e s t  d i r e c t l y  upon a w ide v a r i e ty  o f compacted 
s u b s t r a t e s .  W ith in  th e  same sand p i t ,  b o u ld e rs  were found ly in g  
upon th e  fo llo w in g  sed im en ts : s t i c k y ,  o rg a n ic  r i c h  c la y s  c o n ta in in g
L. i r r o r a t a ,  medium to  f in e  compacted b io tu r b a te d ,  m o ttle d  sands 
c o n ta in in g  broken and d i s a r t i c u l a t e d  fragm ents  o f  M. m e rc e n e ria ,
C. v i r g i n i c a , C y c lo ca rd ia  b o r e a l i s  (C onrad), and f in e  com pacted v e ry  
dense sands w ith  c la y  f i l l e d  Ophiomorpha bu rrow s. Most commonly, 
th e  b o u ld e rs  o r  co b b les  o ccu r in  a  medium to  c o a rse  sand th a t  i s  
compacted and som etim es c o n ta in s  an  i r o n  ox ide  p r e c i p i t a t e .  The 
compacted s u r fa c e  w hich th e  upper b o u ld e r la y e r  r e s t s  upon i s  a lm o st 
alw ays c o n tr a s te d  by th e  r e l a t i v e l y  uncom pacted sed im en ts  o f  d i f f e r in g  
te x tu re s  t h a t  d i r e c t l y  o v e r l i e  th e se  b o u ld e rs .
The low er b o u ld e r  zone i s  5 .4  m e te rs  (18 f t )  below se a  l e v e l .
Oak, p in e , sw eet gum, and Cyprus stum ps im m edia te ly  o v e r l i e  t h i s  
low er zone w ith  t h e i r  ro o ts  ex ten d in g  downward among th e  b o u ld e rs  
(Appendix A, P la te  2 0 ). The sed im en ts  d i r e c t l y  below  t h i s  low er 
b o u ld e r la y e r  a r e  l i t h o l o g i c a l l y  th e  same a s  th o se  o c c u r r in g  w ith in  
th e  upper l a y e r  ( i . e .  san d s , s i l t s  and c la y s  c o n ta in in g  C. v i r g i n i c a ,
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M. e d u l is  and I,, i r r o r a t a ) . However, th e  lo w e st zone o f b o u ld e rs  
ap p ea rs  to  be a s s o c ia te d  more f r e q u e n t ly  w ith  a  h a rd -p an  ( i r o n  ox ide) 
s u r f a c e .  Both th e s e  b o u ld e r la y e r s  show a  p re fe r r e d  long  a x is  
o r i e n ta t io n  o f  NNW to  SSE (D arby, unp u b l. d a ta ) .
Use o f G ra in  S ize  i n  D is tin g u ish in g  
A ncien t B a r r ie r  Environm ents
In  o rd e r  to  an a ly ze  th e  g ra in  s iz e  d i s t r i b u t i o n ,  sam ples were 
tak en  from th e  Gomez, Land F i l l ,  New L ig h t, C ity  L ine  and T idew ater 
Sand Company sand p i t s .  F o lk  (1974) s iz e  p a ram ete rs  from 104 s ie v e  
and 67 r a p id  sed im ent a n a ly z e r  (R .S .A .) a n a ly se s  were p lo t te d  v e rsu s  
d ep th  f o r  th e  p i t s .  These g ra in  s i z e  d i s t r ib u t io n  g raphs show an 
o v e r a l l  coarsen ing -upw ards tre n d  ex ten d in g  from  th e  low er b o u ld e r 
la y e r  f a c ie s  to  th e  upper u n f o s s i l i f e r o u s  sand f a c ie s .  S o r tin g  
v a lu e s  in c re a se d  moving up in  th e  s e c t io n  b u t th e re  a re  no a p p a ren t 
tre n d s  in  skew ness v a lu e s  o v er th e  same s e c t io n  (Appendix B,
1 th rough  7 ) .
The coarsen in g -u p w ard s  tre n d  which p re v a ile d  th ro u g h o u t th e  
e n t i r e  a r e a  co n ta in ed  one s i g n i f i c a n t  b re a k . T h is o ccu rred  a t  th e  
boundary betw een th e  u n f o s s i l i f e r o u s  sand f a c ie s  and th e  p ebb le  
mud f a c ie s  where th e re  was a  marked d e c re a se  in  mean g ra in  s i z e ,  
in c re a s e  in  s o r t in g  v a lu e s ,  and a  s l i g h t  in c re a s e  in  p o s i t iv e  skew­
n e ss  v a lu e s .  In  th e  New L ig h t sand p i t  ap p ro x im a te ly  seven to  n in e  
m e te rs  (23 to  30 f t )  o f l a r g e  s c a le  p la n a r ,  s l i g h t l y  ta n g e n t ia l  
c ro ssb e d s  in  s e v e ra l  p la c e s  r e p la c e  th e  sequence observed  e lsew here  
i n  th e  f o s s i l i f e r o u s  sand and le ac h e d  f o s s i l i f e r o u s  sand f a c i e s .
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These c ro ssb e d s  have s i g n i f i c a n t l y  c o a r s e r  g ra in  s iz e s  which a re  
v a r ia b le  betw een lam in ae , ra n g in g  from 0 .2  to  0 .47  0 
f o r  th e  c o a rse  lam inae and 0 .67  to  0 .86  0 f o r  f i n e r  lam inae 
(Appendix A, P la te  21; F ig u re  13 , e a s t  w a l l ,  9 to  37 f t ) .
Flow D ire c tio n
On th e  seaw ard fa c in g  s lo p e  o f  th e  H ickory Scarp th e  predom i­
n a n t d i r e c t io n  o f flow  e x h ib ite d  by p rim ary  sed im en tary  s t r u c tu r e s  
( i . e .  r ip p l e s  and m eg arip p le s) i s  to  th e  so u th w est. There was l i t t l e  
v a r i a t io n  in  th e  d i r e c t io n  among th e  s t r u c tu r e s  m easured (Appendix 
C, 1 and 3 ) .
Im m ediately  w est o f  th e  H ickory Scarp  c r e s t ,  th e  d i r e c t io n  o f 
flow  v a r ie s  g r e a t ly  betw een th e  two lo c a t io n s  sampled ( i . e .  th e  
Gomez and Land. F i l l  sand p i t s ) . In  th e  Gomez sand p i t  th e re  was a ls o  
a s l i g h t  v a r i a t io n  in  flo w  betw een th e  upper and low er p o r t io n s  of 
th e  p i t .  M egaripp le  c ro ssb ed s  m easured in  th e  upper 0 to  2.75 
m e te rs  (9 f t  below th e  ground s u r fa c e )  e x h ib ite d  a  p red om inate ly  
n o rth w est to  w est d i r e c t io n  o f  flow  w ith  a  s ig n i f i c a n t  sou thw est 
component. Measurement tak en  in  th e  low er p a r t  o f th e  s e c t io n ,  +2.75 
to  7 .6  m e te rs  (9 -25  f t )  below th e  ground s u r fa c e  g e n e ra l ly  show th e  
same d i r e c t io n  o f  flow  w ith  g r e a te r  v a r i a b i l i t y  (Appendix C,
2 ) .  M easurem ents o f  m eg arip p le s  tak en  in  th e  Land. F i l l  sand p i t  
w hich i s  lo c a te d  0 .5  km n o rth w est o f th e  Gomez sand p it,_ sh o w  a 
predom inant e a s t - n o r th e a s t  d i r e c t io n  o f  flow  w ith  a  m inor so u th ­
w est component.
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CHAPTER 5
DISCUSSION
In tro d u c tio n
The purpose o f t h i s  study  was to  t e s t  th e  h y p o th esis  developed 
in  p rev io u s  work th a t  fo u r d i s t i n c t  d e p o s it io n a l u n i t s ,  sep a ra ted  
by e ro s io n a l  c o n ta c ts ,  a re  re p re se n te d  in  th e  H ickory Scarp a re a  and 
th a t  th e se  u n i t s  a re  due to  th re e  g la c io - e u s ta t i c  t r a n s g re s s io n s .
The prim ary ev idence  c i te d  fo r  m u ltip le  sea  le v e l  f lu c tu a t io n s  was 
th e  e x is te n c e  o f e ro s io n a l c o n ta c ts  between th e  N orfo lk  and 
K em psville Form ations, between th e  K em psville and Sand B ridge 
Form ations, and between the  K em psville o r  N orfo lk  and Londonbridge 
Form ations. I f  t h i s  h y p o th esis  i s  c o r re c t  th e se  e ro s io n a l c o n ta c ts  
should  be w idespread and v e r i f i a b l e .  A lte rn a t iv e ly ,  i f  th e  dep o si­
t io n  o f  th e se  fo rm atio n s  was th e  r e s u l t  o f a s in g le  t r a n s g re s s iv e  
c y c le  then  th e se  fo rm atio n s  should  be in te rp re te d  a s  f a c ie s  o f a 
s in g le  ev en t, a d ja c e n t f a c ie s  should  f i t  a model o f l a t e r a l  change 
th a t  conforms to  modern c o a s ta l  d e p o s its ,  th e re  should  be no wide­
sp read  h ia tu s e s ,  and sed im en to log ic  and p a leo n to lo g ic  d a ta  should  
be com patib le  w ith  th a t  which i s  c h a r a c te r i s t i c  o f a  s in g le  t r a n s ­
g re s s iv e  c y c le , i . e . ,  sedim ent s iz e  should in c re a s e  upwards in  the  
s e c t io n , sed im entary  s t r u c tu r e s  should  f i t  o th e r  pu b lish ed  models 
fo r  t ra n s g re s s iv e  b a r r i e r  is la n d  system s and fauna should  be 
re p re s e n ta t iv e  o f th e  v a rio u s  environm ents encountered  in  A 
tr a n s g re s s iv e /r e g re s s iv e  b a r r i e r  is la n d .
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A summary o f l i th o lo g y  and environm ents o f d e p o s it io n , p a le o -  
geography and an e a s t-w e s t c ro s s  s e c t io n  showing th e  a e r i a l  e x te n t 
o f f a c ie s  a c ro ss  th e  H ickory Scarp which w i l l  be d iscu ssed  a re  shown 
in  F ig u res  14, 15 and 16.
C r i te r ia  fo r  R ecognition  o f A ncient 
B a r r ie r  Environm ents and T h e ir P re s e rv a tio n  P o te n t ia l
Marsh-Mud F la t
Marsh d e p o s its  a re  composed of v ery  f in e ly  bedded san d s, s i l t s  
and muds which a re  f re q u e n tly  convolu ted  and wavy in  n a tu re . These 
d e p o s its  a re  v e ry  h e a v ily  burrowed and c o n ta in  an abundance o f  p la n t  
ro o ts  and o th e r  o rg an ic  d e b r is .  G ravel la g s  a re  n o t p re s e n t and 
mudcracks a re  common (Reineck and Singh, 1973).
The dominant f e a tu re  p re se rv ed  in  a n c ie n t marsh environm ents 
a re  secondary b io g en ic  sedim entary  s t r u c tu r e s ,  i . e .  burrows and 
m o ttlin g  due to  b io g en ic  a c t i v i t y  (Davies e t  a l .  1971. Sediment 
c h a r a c te r i s t i c s  o f modern marsh environm ents a re  n o t s ig n i f ic a n t ly  
a l te r e d  in  a n c ie n t d e p o s its  (M asters, 1967).
The H ickory Scarp c o n ta in s  a d e p o s it  which seems to  conform 
to  th e  above c r i t e r i a  and i s  th e re fo re  in te r p r e te d  as  a  marsh f a c ie s  
and id e n t i f i e d  in  t h i s  study  a s  th e  pebble  mud f a c ie s .  The f a c ie s  
b la n k e ts  th e  study  a re a  and i s  th ic k e s t  in  low ly in g  a re a s  and th in s  
d i r e c t ly  over th e  S carp . I t  i s  composed o f sandy, o rg an ic  r ic h ,  
h ig h ly  m o ttled  (due to  b io tu rb a tio n )  c la y . P ebbles a r e  s c a t te re d
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Organic rich Silts —and clays with seme ^fine sands io
Boulder Layer ? —
Organic rich silts and mclays with fine to ^medium sand •o
Boulder Layer 
Gray to Black Organic 
silty clays with seme brown coarse sand gravel
Green to gray silty fine glauconitic sands and clays Highly fossiliferous
F ig u re  14. L i th o lo g ic  S e c tio n  and A sso c ia ted  Environm ents 
o f D ep o sitio n /T em p era tu re
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Approximate 15 f t .  Contour 
Approximate 20 f t .  Contour
In fe r re d  C ontact
/V
2 M I L E S
F ig u re  15. P a leogeographv  o f  H ickory Scarp Area D uring L ate  
P le is to c e n e  (K em psville  T im e). M * H ears “C orner 
N = New L ig h t Sand P i t ,  G = Gomez Sand P i t ,  C = C ity  
L ine Sand P i t ,  T = T id ew ater Sand Company Sand P i t ,
P = I n te r s e c t io n  o f K em psville  Road and P rov idence  
Road , W = Womack Sand P i t
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A. Pebble Mud Facies
B. U nfossiliferous Sand Facies
C. Leached F oss iliferous  Sand Facies
D. F ossiliferous Sand Facies
E. Boulder Layer Facies
Figure 16. East-Wesc Cross S ec tio n  Showing A eria l E: 
F ac ies  in  Hickory Scarp B a r r ie r  Complex
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th roughou t and in  th e  u n d e rly in g  sands, y e t  no g rav e l la g s  a re  
p re s e n t which in d ic a te s  th e  la c k  o f winnowing o r  rew orking. There 
a r e  many burrows and p la n t  ro o ts  which p ro tru d e  down in to  th e  
u n d e rly in g  sand . S h e ll  l in e d  ( e .g .  E. d i r e c tu s , C. v i rg in ic a )  sand 
f i l l e d  c h an n e ls , w ith  p ie c e s  o f  c lay  r ip -u p  c l a s t s  f lo a t in g  in  th e  
sand m a tr ix , c u t in to  the  wavy lam inated  sandy c la y  a t  h ig h er 
e le v a t io n s  ( i . e .  7 .6  m e te rs ) .
E o lian  Sand Dimes
Modern c o a s ta l  e o lia n  sand dunes a re  m ound-like in  c h a ra c te r  
and form in  a  b e l t  o r  foredune r id g e  along th e  f ro n t  o f a  b a r r ie r  
is la n d  d i r e c t l y  in la n d  from th e  beach. A d d itio n a l dunes may be 
s c a t te r e d  in  p a tch es  f a r th e r  in la n d  over la rg e  a re a s  making up dune 
f i e l d s  (D ickinson e t  a l .  1971).
C o as ta l e o lia n  dunes u s u a lly  c o n s is t  o f w e ll s o r te d , m arine 
d e riv ed  sands p o sse ss in g  s e t s  o f  s te e p ly  d ipp ing  crossbedding  which 
v a ry  in  d ip  d i r e c t io n .  These sands a re  f re q u e n tly  f r o s te d ;  however, 
Shepard (1960) recogn ized  no s ig n i f ic a n t  d if fe re n c e s  between the 
f r o s t in g  o f beach and dune san d . The prim ary sedim entary  c h a ra c te ­
r i s t i c s  a re  o f te n  obscured o r destro y ed  by secondary p ro cesses  such 
a s  s o i l  fo rm atio n , f lu c tu a t in g  ground w ater ta b le s ,  an d /o r v e g e ta tio n  
(McBride and Hayes, 1962). C onsequently , dune d e p o s its  p reserved  in  
th e  g e o lo g ic  reco rd  f re q u e n tly  must be recogn ized  using  a  com bination 
o f prim ary  and s e c o n d a rily  im parted  sedim entary  c h a r a c te r i s t i c s .  
D avies e t  a l .(1 9 7 1 )  recogn ized  th e  C retaceous B e ll C reek, Montana,
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b a r r i e r  dune sed im ents on th e  b a s is  o f  s t r a t ig r a p h ic  p o s i t io n ,  and 
the  occu rrence  o f  v ery  f in e  g ra in e d  s t r u c tu r e le s s  to  f a in t ly  
lam ina ted  san dstones c o n ta in in g  v e r t i c a l  ro o t t r a c e s .
S im ila r  d e p o s its  have been recogn ized  w ith in  th e  H ickory Scarp 
b a r r i e r  complex. These d e p o s its  a re  d isco n tin u o u s  and occur in  
m ound-like d e p o s its  (pim ple mounds) w est o f th e  Scarp c r e s t  a t  
e le v a tio n s  o f 5 .5  to  7 .9  m eters  (18 to  26 f t ,  F igu re  5 ) .  E ast of 
th e  Scarp c r e s t  th e se  d e p o s its  th in  and occur a t  in c re a s in g ly  low er 
e le v a t io n s ,  i . e .  down to  3 .7  m eters  (12 f t  ASL) in  th e  C ity  L ine 
sand p i t  (F ig u re  9 ,  3 f t  below th e  ground su r fa c e  in  th e  NW w a l l ) .
Sedim entary c h a r a c te r i s t i c s  c o n s is t  o f f in e  to  v e ry  f in e  w e ll 
so r te d  sands th a t  a re  fo r  th e  most p a r t  s t r u c tu r e le s s .  O ccasio n ally  
v ery  f a i n t  sm all s c a le  cro ssbedd ing  and r o o t l e t  t r a c e s  were n o ted , 
bu t a re  n o t common. D avies, e t  a l .  (1971) concluded th a t  i f  any 
u n i t s  a r e  ab sen t w ith in  r e l i c t  b a r r i e r  is la n d  sequences i t  w i l l  
u s u a lly  be th e  e o lia n  and beach-upper sh o re face  u n i t s .  In  th e  
H ickory Scarp th e  beach sequence i s  g e n e ra lly  p reserv ed  w h ile  the  
dune sequence i s  d isco n tin u o u s  in  a r e a s ,  e s p e c ia l ly  w est o f th e  
Scarp c r e s t .  No d if f e r e n c e s  were d e te c te d  between th e  su rfa c e  
te x tu re s  o f sand g ra in s  in  th e se  d e p o s its  and th e  u n d e rly in g  beach 
d e p o s i t s .  This i s  s im ila r  to  Shepard’s (1960) f in d in g s . The most 
s ig n i f i c a n t  t e x tu r a l  d if f e r e n c e  was th e  absence o f th e  peb b les  in  
th e  upper sand th a t  a re  common throughout th e  u n d erly in g  beach 
d e p o s i ts .  Based on th e  fo reg o in g , th e  uppermost sands in  th e  Hickory 
Scarp a re  co n sid ered  e o lia n  d e p o s i ts .
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Beach Backshore
These a re  sedim ents th a t  a re  d ep o sited  above mean h igh  w a te r 
by wave a c t io n  during  s to rm s. In  modem beaches th e se  d e p o s its  a re  
c le a n , f in e ,  evenly  lam ina ted  and r ip p le  crossbedded san d s . They 
f re q u e n tly  have some wind s c u lp tu re d  f e a tu re s  and a  low degree  o f 
b io tu rb a tio n  (Reineck and S ingh, 1973). D esp ite  th e  many v a r ia t io n s  
in  sed im entary  s t r u c tu r e s  th a t  occur w ith in  th e  backshore a re a  o f 
a  b a r r i e r  i s la n d ,  th e  most commonly p reserv ed  in te r n a l  s t r u c tu r e s  
a re  lo w -ang le , g e n tle  seaward d ip p in g  p a r a l l e l  lam inae w ith  
o c c a s io n a l s e t s  o f sm all s c a le  r ip p le  crossbedding  (Hoyt and Weimer, 
1963). Backshore d e p o s its  can be d is tin g u is h e d  from s im ila r  upper 
and low er sh o re face  d e p o s its  by th e  g e n e ra l la c k  o f  b io tu r b a t io n ,  
and from th e  fo re sh o re  d e p o s its  by th e  absence o f h ig h -a n g le , 
h igh -energy  landward d ipp ing  c r o s s - s t r a t i f i c a t i o n  (Hoyt, 1962).
In  th e  H ickory Scarp a r e a ,  d e p o s its  th a t  have c h a r a c te r i s t i c s  
s im i la r  to  backshore sedim ents a re  s t r a t ig r a p h ic a l ly  lo c a te d  
d i r e c t ly  below th e  e o lia n  sand d e p o s its  in  a  narrow  zone th a t  i s  
0 .3  to  0 .9  m ete rs  th ic k  and a re  w ith in  th e  upper p a r t  o f th e  
u n fo s s i l i f e ro u s  sand f a c ie s .  D if f e r e n t ia t io n  from s im ila r  fo re sh o re  
and sh o re face  d e p o s its  i s  n o t p o s s ib le  throughout th e  e n t i r e  H ickory 
Scarp a re a  due to  fre q u e n t tongueing of s t r u c tu r e s .  T his i s  p a r t i ­
c u la r ly  tru e  w est o f th e  Scarp c r e s t  ( i . e .  in  th e  Gomez sand p i t ) .
These b a ck sh o re - lik e  d e p o s its  in  th e  H ickory Scarp a re  
c h a ra c te r iz e d  by w hite  o r  o c c a s io n a lly  tan  sand th a t  i s  f in e  to
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medium g ra in ,  w e ll to  m odera te ly  w e ll s o r te d ,  and c o n ta in s  0-10 
p e rc e n t p e b b le s . The d ia g n o s t ic  s t r u c tu r e s  a re  low -ang le , p a r a l l e l  
lam in ae , f r e q u e n tly  o u tl in e d  w ith  opaque m in e ra ls , d ip p in g  2-7° e a s t  
and commonly a l t e r n a t in g  w ith  sm all s c a le  r ip p l e  c ro ssbedd ing .
R are ly  g h o s ts  o f d i s a r t i c u la te d  s h e l l s  a re  found. In  th e  Gomez sand 
p i t  d e p o s its  r e s u l t in g  from backshore p ro c e sse s  a re  found on the  
e a s t  w a ll a t  e le v a tio n s  o f 4 .6  to  5 .5  m eters  (15 to  18 f t )  ASL 
and in  th e  C ity  L ine  sand p i t ,  c e n t r a l  s e c t io n ,  e le v a tio n s  o f 2 .7  to  
3 .5  m ete rs  (9 to  11 .5  f t )  ASL,(Appendix A, P la te s  21 and 22).
Foreshore
F oresho re  sed im en ts occu r in  th e  zone between mean h ig h  w ater 
and mean low w a te r and c o n s is t  o f w e ll s o r te d ,  f in e  to  c o a rse , 
crossbedded and lam in a ted  san d s , w ith  peb b les  p re se n t in  la y e r s  
(Howard and R eineck, 1981). P h y s ic a l sed im en tary  s t r u c tu r e s  norm ally  
f a l l  in to  two c a te g o r ie s :  f i r s t ,  lo w -an g le , seaward d ip p in g  s e t s
o f even ly  lam in a ted  sand and , second, h ig h -a n g le  landward d ipp ing  
lam in a ted  sand w ith  an tid u n e  crossbedd ing  and c o n c e n tra tio n s  of 
s h e l l s  commonly developed . Burrowing i s  p r im a r i ly  by amphipods w ith  
g re a t  numbers o f C. ma.jor which l iv e  in  th e  backwash zone (Reineck 
and S ingh, 1973).
G en era lly  in  th e  l i t e r a t u r e ,  fo re sh o re  sedim ents have been 
combined w ith  e i t h e r  beach a n d /o r  upper sh o re fac e  environm ents. 
Exam ination o f B e ll Creek s e c tio n s  p re se n te d  by D avies e t  a l .  (1970) 
in d ic a te  no d e f in a b le  bo u n d aries  between backshore and fo re sh o re
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and between th e  fo re sh o re  and sh o re face  environm ents. Howard and 
Reinneck (1981) a ls o  combined backsho re , fo re sh o re  and sh o re face  
environm ents in to  what they  termed a n earsh o re  f a c ie s .  S h id e le r  
(1973) no ted  th a t  in d iv id u a l environm ents ( i . e .  fo re sh o re , dune, 
berm) can be d i f f e r e n t ia te d  on th e  b a s is  o f te x tu r a l  homo­
g e n e ity .
Along th e  H ickory Scarp ( p a r t i c u la r ly  in  d ra in ag e  d itc h e s  
approx im ate ly  one k ilo m e te r e a s t  o f  th e  c r e s t ;  Appendix A, P la te  5) 
sed im ents th a t  resem ble fo re sh o re  d e p o s its  c o n s is t  o f medium to  f in e  
sands having  lo w -an g le , p a r a l l e l  lam inae d ipp ing  e a s t  a t  2-7° which 
a l t e r n a t e  w ith  c o a rse  sands having  h ig h -a n g le  westward d ipp ing  
c ro ssb e d s , o c c a s io n a l sm all s c a le  r ip p le  c ro ssbeds and g rav e l la y e r s  
f re q u e n tly  o ccu rin g  in  w edge-shaped le n s .  With th e  ex cep tio n  of th e  
le n se s  o f c o a rse  sand and p e b b le s , sedim ent te x tu r a l  c h a r a c te r i s t i c s  
a re  n o t d is t in g u is h a b le  from o v e rly in g  b a ck sh o re - lik e  d e p o s its . 
V isu a l exam ination  o f H ickory Scarp sedim ents re v e a ls  c a te g o r ic a l  
d if f e r e n c e s  in  th e  homogeneity o f fo re sh o re - ty p e  d e p o s its  v e rsu s  
e o lia n  dune, back sh o re , sh o re face  and o ffsh o re  d e p o s its .  Foreshore 
d e p o s its  a re  th e  l e a s t  homogeneous o f th e se  f iv e  environm ents 
( S h i ld e le r ,  1973). A c h a r a c t e r i s t i c  a l t e r n a t io n  o f medium to  f in e  
sands c o n ta in in g  p a r a l l e l  lam inae w ith  h ig h -an g le  crossbedded sand 
and o c c a s io n a l wedge-shaped g ra v e l le n s e s ,  o ccu rs  over a  d is c r e te  
zone in  th e  H ickory Scarp (Appendix A, P la te s  21 and 2 2 ).
55
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
S horeface
The sh o re face  a re a  i s  w ith in  th e  s u b - t id a l  p a r t  o f th e  beach- 
fa c e  ex tend ing  from mean low w a te r to  th e  f a i r  w eather wave b ase .
This zone i s  dominated by w ave-driven  flow , and su b o rd in a te ly  by r ip  
c u rre n ts  (R eading, 1978). I t  i s  c h a ra c te r iz e d  by d i s t in c t iv e  f in e  
sands a rran g ed  in  s u b p a ra l le l  s e t s  o f evenly  lam inated sand in  the  
upper p a r t  and sm all r ip p le  bedding in  th e  low er p a r t  and co n ta in s  
g ra v e l c o u p le ts  which a re  th e  r e s u l t  o f storm  a c tio n  (Sanders and 
Kumar, 1975). In  deeper zones o f th e  sh o re face  ( i . e .  12-20 m eters 
w ater dep th) th e  zone may a lso  be a f fe c te d  by t i d a l ,  l i t t o r a l ,  and 
storm  induced c u rre n ts  (S w ift, 1975). Shoreface a re a s  o f m oderate 
energy have c h a r a c te r i s t i c  h o rizo n s which r e f l e c t  c y c lic  a l te r n a t io n  
between h igh -energy  and low -energy co n d itio n s  (Howard and R eineck, 
1981). A fte r  a  storm  wanes f in e  sand i s  d e p o s ite d , thus conceal­
ing  th e  g ra v e l la g  (Sanders and Kumar, 1975). R e l ic t  sh o re face  
environm ents have been recogn ized  by storm  d e p o s its  and o th e r  
c r i t e r i a  s im ila r  to  th o se  p rev io u s ly  d iscu ssed  (Kumar and S anders,
1976; R eineck and Singh, 1972; S w ift, 1969). Howard (1971) id e n t i f ie d  
sh o re face  sedim ents in  th e  upper C retaceaus Blackhawk Form ation in  
e a s t  c e n te ra l  Utah as  having f in e  to  medium g ra in ed , d i r t y  sand , w ith  
30 to  45 c en tim e te rs  th ic k  s e t s  of lam inated  sand which a l te r n a te d  w ith  
0 .3  to  1 m eter th ic k  crossbedded sands th a t  a re  le n se  shaped.
F in e r beds were h e av ily  burrowed w h ile  th e  c o a rs e r , wedge-shaped beds 
were f re q u e n tly  n o t burrowed.
Sedim ents th a t  resem ble sh o re face  d e p o s its  in  th e  H ickory Scarp 
occur s t r a t ig r a p h ic a l ly  below th e  fo re sh o re  sed im ents. West o f the
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Scarp c r e s t  th e se  d e p o s its  conform ably o v e rlay  open bay (sound) 
sed im ents w h ile  e a s t  o f  th e  Scarp c r e s t  they  d i r e c t ly  and conform­
ab ly  o v e rlay  o ffsh o re  sed im en ts . T e x tu ra l c h a r a c te r i s t i c s  a re  th e  
same a s  backshore sed im ents ex cep t f o r  o c ca s io n a l wedge-shaped 
le n se s  o f co arse  sand and pockets  o f g ra v e l (storm  d e p o s i t s ) . 
S tru c tu re s  c o n s is t  o f p a r a l l e l  lam inated  sands d ipp ing  dom inantly 
southw est (b u t a re  v a r i a b l e ) . O ccasional sm all s c a le  r ip p le  c ro s s ­
bedding which i s  o u tl in e d  by opaque m in e ra ls , some burrows (p robab ly  
from (?. m a jo r). In  storm  la g s , broken and d i s a r t ic u la te d  s h e l l  
d e b r is  i s  abundant (Appendix A, P la te s  5 , 21 and 22 ).
N earshore
This zone i s  th e  f a r th e s t  from land  in  th e  l i t t o r a l  environm ent. 
In  a study  o f beach to  o ffsh o re  environm ents, Howard and Reineck 
(1981) n o te  two d is t in g u is h in g  c h a r a c te r i s t i c s  o f th e  o ffsh o re  
environm ent. There a r e  f in e  sands and muds w ith  s h e l l s  th roughout 
th e  u n i t  and a h igh  degree  o f b io tu rb a tio n  th a t  appeared to  in c re a se  
w ith  dep th . The only  s ig n i f ic a n t  prim ary p h y s ica l sed im entary  
s t r u c tu r e s  p re se n t a r e  remnant p a r a l l e l  lam inae. Storm d e p o s its  a re  
r a r e  in  t h i s  environm ent.
Howard (1972) u ses  t r a c e  f o s s i l s  fo r  re c o g n itio n  o f o ffsh o re  
f a c ie s  w ith in  th e  Upper C retaceous Blackhawk Form ation in  e a s t  c e n tr a l  
U tah. Howard concludes th a t  b io tu rb a tio n  o f s i l t s  p r im a r i ly  by 
A sterosom a, A rth rophycus, T eichichnus and S c o lic ia  has removed a l l  
b u t a  few s c a t te re d  th in  p a r a l l e l  lam inae and th a t  b io g en ic  s e d i­
m entary s t r u c tu r e s  th ro u g h ly  dom inate t h i s  environm ent.
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In  th e  H ickory Scarp sequence t h i s  type  o f d e p o s it  i s  d i f f i c u l t  
to  d is t in g u is h  due to  th e  in te n s e  le ac h in g  o f  c a lc a re o u s  s h e l l  
m a te r ia l  and g e n e ra l la c k  o f  prim ary  sed im en tary  s t r u c tu r e s .  In  th e  
u n fo s s i l i f e r o u s  sand f a c ie s  o f th e  Womack, C ity  L ine, and T idew ater 
Sand Company sand p i t s ,  n e a rsh o re  d e p o s its  a re  reco g n ized  by s t r a -  
t ig r a p h ic  p o s i t io n  r e l a t i v e  to  o v e rly in g  beach and sh o re fac e  
d e p o s its ,  w e ll s o r te d  medium to  f in e  san d s, th e  h igh  d eg ree  o f 
burrow ing and d isco n tin u o u s  p a r a l l e l  la m in a tio n s . No te x tu r a l  changes 
a re  e v id e n t . In -p la c e  g h o s ts  o f _S. s o l id is s im a , a n ea rsh o re  burrowing 
clam (S ta n le y , 1970), a re  th e  on ly  re c o g n iza b le  fauna rem ain ing  
s in c e  th e  s e c t io n  i s  leach ed  o f ca rb o n a te  t e s t s .  E ast o f th e  Scarp 
c r e s t  th e  n earsh o re  component i s  e v id e n t . There i s  a  v i s i b l e  p resence  
o f f in e  o rg a n ic  d e t r i t u s  and an in c re a s in g  s i l t  co n ten t w ith  l e s s  
th an  10 p e rc e n t c la y . Heavy burrow ing has o b l i t e r a te d  a l l  b u t a 
few d isco n tin u o u s  p a r a l l e l  and r ip p le  lam in ae .. Fauna a re  numerous 
and c o n s is t  m ostly  o f ]?. d u p l ic a tu s , IS. d i r e c tu s , B. c a r ic a  and 
£5. s o l id is s im a , most o f which a re  found in  th e  l iv in g  p o s i t io n .
T id a l I n l e t  D eposits
T id a l i n l e t s  u su a lly  occu r on submerging c o a s t l in e s  and, 
depending upon th e  dominant d i r e c t io n  o f th e  approach ing  waves, may 
m ig ra te  s y s te m a tic a l ly  in  one d i r e c t io n  (F a irb r id g e  and B ourgeois,
1978). W ave-driven longshore  c u r re n ts  d e p o s it sedim ent on one s id e  
o f th e  i n l e t  and erode th e  o th e r ,  le a v in g  an i n l e t  sequence in  th e  
p a r t  o f th e  b a r r i e r  through  which th e  i n l e t  has m ig rated  (Kumar, 1973). 
G en era lly , t i d a l  i n l e t  sequences have been slow to  be recogn ized  in  
th e  g eo lo g ic  re c o rd . This i s  la r g e ly  due to  th e  la c k  o f w idely
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accep ted  d is t in g u is h in g  c r i t e r i a .  T id a l i n l e t  sequences p robably  
occur th roughou t many r e l i c t  b a r r i e r  is la n d  d e p o s its  b u t rem ain 
unrecognized  (F a irb r id g e  and B ourgeo is, 1978). A ccording to  Kumar 
and Sanders (1974), b a r r i e r  is la n d  m ig ra tio n a l h is to r y  may be 
in f e r r e d  from th e se  d e p o s i ts .  The f a c t  th a t  th e se  d e p o s its  a re  
p rese rv ed  in  th e  H ickory Scarp sequence p robab ly  in d ic a te s  t r a n s ­
g re s s io n  by in -p la c e  drowning o f b a r r i e r s  (Kumar and S anders, 1974).
T id a l i n l e t  sequences occur where b reak s  in  th e  chain  o f b a r r i e r  
is la n d s  e x i s t  and a re  l a t e r  f i l l e d  in .  T id a l i n l e t  d e p o s its  a re  
s ig n i f i c a n t ly  l a r g e r  in  s c a le  th an  t i d a l  channel d e p o s its .  T id a l 
i n l e t  sed im ents a re  p re se rv ed  u s u a lly  a s  p a r t  o f an i n l e t  sequence 
and should  be recogn ized  on t h i s  b a s is  r a th e r  th an  a s in g le  sedim ent 
ty p e . The t i d a l  i n l e t  sequence f o r  th e  F ir e  Is la n d  I n l e t ,  New York 
was: 1) channel f l o o r , w ith  la g  g ra v e l ,  s h e l l s  and co arse  p a r t i c l e s ;
2) deep ch an n e l, w ith  l e n t i c u l a r  s e t s  o f ebb o r ie n te d  su r fa c e s ;
3) shallow  ch an n e l, w ith  p lan e  p a r a l l e l  lam inae; 4) s p i t  p la tfo rm , 
w ith  seaward and landw ard d ip p in g  lam inae; 5) s p i t  (F airbanks and 
B ourgeo is, 1978).
In  one a re a  a long  th e  H ickory S carp , i . e .  th e  New L ig h t sand 
p i t  (F ig u re  13, e a s t  w a ll ,  9 to  37 f t  below th e  ground su rfa c e )  the  
f o s s i l i f e r o u s  sand f a c ie s  and th e  u n fo s s i l i f e r o u s  sand f a c ie s  i s  
re p la c e d  by what i s  thought to  be a  t i d a l  i n l e t  sequence. This 
i n l e t - l i k e  sequence i s  com prised o f a  c o a rse r  b a sa l  la y e r  c o n s is t in g  
o f  s h e l l s ,  co b b les , and co arse  sand (mean g ra in  s iz e  o f about 0 .2  0 ) , 
w ith  subsequen t s e t s  o f la rg e  s c a le  (0 .3  to  2 .4  m eters) p la n a r  to
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s l i g h t ly  trough  and ta n g e n t ia l  c ro ssb ed s d ecreasin g  upward in  d ip  
amount and s e t  th ic k n e ss  (Appendix A, P la te  2 1 ). Dip amount ranges 
from 36° n e a r th e  bottom  o f th e  sequence to  16° a t  th e  to p . The 
dominant flow  d i r e c t io n  i s  to  th e  sou thw est. S p e c if ic  m icroenviron­
ments o f t h i s  i n l e t  sequence have n o t been recogn ized , however th e  
environm ent a s  a  whole ap p ears  to  have c h a r a c te r i s t i c s  o f t i d a l  
i n l e t  d e p o s its  s im ila r  to  th o se  id e n t i f i e d  a t  F ir e  Is la n d , New York 
(Kumar and S anders, 1974).
In  th e  H ickory Scarp , th e  t i d a l  i n l e t  and th e  t i d a l  channel 
d e p o s its  a r e  c o n tra s te d  in  th a t  th e  i n l e t  d e p o s its  have c o a rse r  
g ra in  s iz e s  ( i . e .  0 .2  to  0 .98  0 v s 1 .5  to  2 .5  0 ) ,  occur on a  la r g e r  
s c a le  (Appendix A, P la te  23), have p la n a r  to  ta n g e n t ia l  c ro ssbeds vs 
sm alle r s c a le  r ip p le  and herringbone  crossbedd ing  (Appendix A, P la te s  
15 and 1 6 ), and c o n ta in  a l t e r n a t in g  co arse  and f in e r  lam inae ( e .g .  
c o a rse  lam inae w ith  a  Mz o f 0 .2  to  0 .47 0 and f in e r  lam inae w ith  a  Mz 
of 0 .67 to  0 .87 0 ) .
Open Bay D eposits
Open bays a re  bays th a t  a re  a d ja c e n t to  th e  s h e lf  and re c e iv e  
unimpeded waves from th i s  s h e l f  a re a . Open bay sedim ents ( e .g .  in  
th e  Chesapeake Bay) can be d iv id ed  in to  th re e  groups. They a re : th e
baymouth s e c to r  which i s  predom inan tly  sand , th e  c e n te ra l  b asin  
which c o n s is ts  m ainly  o f muds, and a  b e l t  o f h ig h ly  o rg an ic  sedim ents 
and r ic h  s h e l l  c o n c e n tra tio n s  which occurs throughout th e  low er bay 
(S h id e le r , 1975). Sedim entary s t r u c tu r e s  a re  w idely  v a r ia b le  depend­
ing  upon t h e i r  p rox im ity  to  t i d a l  c u r re n ts  (Reading, 1978). Open bay
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d e p o s its  a r e  n o t s p e c i f i c a l l y  reco g n ized  in  much o f  th e  l i t e r a t u r e  
on c o a s ta l  s e d im e n ta tio n , in s te a d  th ey  a r e  in c lu d e d  a s  lagoon and 
w ashover sands (Rampino and S an d e rs , 1980; D ick in so n , 1971).
Open bay d e p o s i ts  have c h a r a c t e r i s t i c s  th a t  d i f f e r  from p ro ­
te c te d  b a c k b a r r ie r  la g o o n s . For exam ple, open bay d e p o s i ts  i n  th e  
le ach ed  f o s s i l i f e r o u s  sand  f a c ie s  o f  th e  H ickory Scarp in c lu d e  
g e n e ra l ly  b e t t e r  s o r te d  and c o a r s e r  sands th a n  th e  f i n e r  sands o f th e  
f o s s i l i f e r o u s  sand f a c ie s  which o r ig in a te d  in  a  low er energ y , more 
r e s t r i c t e d  environm ent d u rin g  e a r l i e r  p a r t s  o f  th e  t r a n s g re s s io n  
(Appendix B ),m ore open w a te r fau n a  th a t  g ra d u a lly  r e p la c e  i n t e r t i d a l  
s p e c ie s ,  and burrow ing th a t  d e c re a se s  upward a s  does th e  q u a n t i ty  
and v a r i e ty  o f  s h e l l  g h o s ts .  Many o f  th e  p rim ary  sed im en tary  
s t r u c tu r e s  a re  d e s tro y ed  by burrow ing organism s (Appendix A, P la te  
11; T ab le  2 ) .  In  th e  n o r th e a s te rn  p a r t  o f  th e  Gomez sand p i t  and 
a long  th e  w e ste rn  and n o r th e rn  w a lls  o f th e  Land F i l l  sand p i t ,  l a r g e  
to  sm all s c a le ,  m u d -lin ed , r ip p le  c ro ssb ed s  have been p re se rv e d  
(F ig u re s  8 and 1 2 ) . The dom inant flow  d i r e c t io n s  a re  to  th e  w est and 
n o rth w e s t. T h is  i s  co m p atib le  w ith  d e p o s it io n  by t i d a l  f lo o d in g  
because  th e  t i d a l  i n l e t s  would be o r ie n te d  norm al to  th e  tre n d  o f th e  
b a r r i e r .  Mud f l a s e r s  accum ulate  in  r ip p l e  tro u g h s  d u rin g  s la c k  
t i d e  (R eading, 1978). In  th e  C ity  L ine sand  p i t  a  l e s s  r e s t r i c t e d ,  
more open bay to  o f f s h o re  d e p o s i ts  e x i s t s  contem poraneously  w ith  th e  
more r e s t r i c t e d ,  low er s a l i n i t y  d e p o s i t ,  bo th  w ith in  th e  f o s s i l i f e r o u s  
sand f a c i e s ,  in  th e  same p i t  to  th e  w e s t. Evidence f o r  t h i s  i n t e r ­
p r e ta t io n  in c lu d e s :  d e p o s its  e a s t  o f th e  H ickory Scarp c r e s t  t h a t
c o n s is t  o f b e t t e r  s o r te d  f in e  sand c o n ta in in g  l e s s  s i l t ,  s l i g h t l y
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b e t t e r  o v e r a l l  s o r t in g  v a lu e s , few er i n t e r t i d a l  s p e c ie s , more open 
bay o r m arine s p e c ie s , l e s s  m o ttl in g , and few er burrows th an  th e i r  
s t r a t ig r a p h ic  c o u n te rp a r ts  to  th e  w e st. These open bay d e p o s its  in  
th e  Gomez sand p i t  a re  recogn ized  by prim ary sed im entary  s t r u c tu r e s  
c o n s is t in g  of d isco n tin u o u s  0 .5  to  1 .5  cen tim e te rs  th ic k  p a r a l l e l  !.
lam inae and a more r e s t r i c t e d  m esosa line  o r  s a l i n i t y  to le r a n t  fa u n a l 
assem blage. These lam inae a re  f re q u e n tly  c o n tra s te d  by a l t e r n a t in g
l ig h t  g ray  and w h ite  sand la y e r s  in  b o th  th e  Gomez and Land F i l l  sand
p i t s ,  b u t a re  o c c a s io n a lly  o u tl in e d  w ith  opaque m in e ra ls . O ccasional
sm all s c a le  r ip p le  c ro ssb ed s a re  a lso  found o u tlin e d  w ith  opaque
m in e ra ls . The dominant flow  d i r e c t io n  fo r  sedim ents in  th e  New
L ig h t and C ity  Line sand p i t s  e a s t  o f th e  Scarp c r e s t  i s  to  th e
southw est (along th e  d e p o s it io n a l  s t r i k e )  which could in d ic a te  a
l i t t o r a l  in f lu e n c e  d e p o s it  (Appendix C, T able 2 ) .
E s tu a rin e  o r  R e s tr ic te d  Bay
Modern lag o o n a l sedim ents a re  ty p ic a l ly  composed o f h ig h ly  
b io tu rb a te d  c layey  sands c o n ta in in g  b ra c k ish  w ater o r h y p e rsa lin e  
w ater fauna (D ickinson e t  a l .  1971). These sedim ents a re  found along  
th e  m argins o f th e  lagoon , in  p o in t b a r s , in  washover d e p o s its  and in  
t i d a l  channels where c u rre n t and wave a c tio n  winnow o u t f in e r  
sed im en ts . B ack b a rrie r lagoons a re  geom orphologically  c lo s e ly  
r e la te d  w ith  e s tu a r ie s ,  p o in t b a r s ,  washover d e p o s its  and t i d a l  f l a t s ,  
and a re  th e re fo re  re p re se n te d  in  p a r t  w ith in  th e  lag o o n al sed im en ts .
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A ncien t lag o o n a l sed im ents r e t a i n  many o f t h e i r  o r ig in a l  
c h a r a c te r i s t i c s  and have been recogn ized  on t h i s  b a s i s .  In  th e  
C retaceous B e ll  Creek F ie ld ,  M ontana,(D avies e t  a l ,  1971) i n t e r ­
p re te d  f in e -g ra in e d  san d s to n e , s i l t s t o n d  and in te r la m in a te d  c la y s to n e  
having  p a r a l l e l  and m ic ro c ro ss - la m in a tio n s , sco u r and f i l l  s t r u c tu r e s  
and v e r t i c a l  burrows a s  be in g  lag o o n a l sed im en ts . V ith in  t h i s  
environm ent b io g en ic  sed im en tary  s t r u c tu r e s  a re  th e  dominant p re ­
serv ed  f e a tu r e s .
Sedim ents o f a  s im i la r  n a tu re  occur w ith in  th e  b o u ld e r la y e r  
f a c ie s  and d i r e c t l y  above i t  in  th e  low er p a r t  o f  th e  f o s s i l i f e r o u s  
sand f a c ie s .  G en era lly  th e se  sed im ents a re  medium to  v e ry  f in e  
p o o rly  s o r te d  sands and s i l t y  sands th a t  a r e  h e av ily  burrowed and 
c o n ta in  an abundance o f b ra c k ish  w a te r fau n a . S pec ies  co n ta ined  
in  t h i s  d e p o s i t ,  in  rough o rd e r o f  abundance, a re :  C. v i r g in ic a ,
M. m ercen a ria , jE. d i r e c tu s , TT. d iv is u s ,  A. ov a l i s  and P. d u p l ic a tu s . 
Thick bioherm s o f c a lc a re o u s  worm tu b es  in te rs p e r s e d  w ith  c ru s tac e an  
rem ains ( i . e .  c rab  claw s) e x i s t  n ea r th e  upper p a r t  o f t h i s  d e p o s it 
(3 .3  to  5 .5  m ete rs  d ep th , 12 to  18 f t  in  th e  Gomez sand p i t ) .
Moving up in  th e  s e c t io n ,  M. m ercenaria  becomes in c re a s in g ly  more 
common, jC. v i r g in ic a  d e c rea se s  in  numbers, sedim ents become b e t te r  
s o r te d ,  g ra in  s iz e  in c re a s e s  and burrow ing d e c re a se s .
W ith in  th e  r e s t r i c t e d  lagoon sedim ents o f  th e  low er p a r t  th e  
f o s s i l i f e r o u s  sand and th e  b o u ld e r f a c ie s  th e  more common d e p o s its  
p re se rv e d  a re  th o se  which r e s u l te d  from t i d a l  c u r re n ts .  S evera l 
t i d a l  c u r re n t  d e p o s its  a r e  recogn ized  w est o f th e  Hickory Scarp
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c r e s t  in  th e  New L ig h t, Gomez and Land F i l l  sand p i t s  which a re  
c lo s e r  to  th e  b a c k b a rr ie r  p a r t  o f  th e  t r a n s g re s s iv e  sequence.
Flood induced t i d a l  c u r re n t  d e p o s its  occur a long  th e  e n t i r e  r e s t r i c t e d  
bay o r lag o o n . Upon e n te r in g  th e  lagoon th e  t i d a l  c u r re n ts  lo s e  
v e lo c i ty  and competency and d e p o s it  t h e i r  sedim ent lo a d . These 
d e p o s its  ta k e  th e  form o f  flo o d  t i d a l  d e l ta s ,  t i d a l  p o in t b a rs  and 
t i d a l  l a t e r a l  b a rs  (Sanders and Kumar, 1975).
In  th e  H ickory S carp , flo o d  t i d a l  d e l t a - l i k e  d e p o s its  a re  
recogn ized  in  th e  f o s s i l i f e r o u s  and u n fo s s i l i f e ro u s  sand f a c ie s  on 
th e  b a s is  o f  r e l a t i v e l y  c le a n , sometimes crossbedded, f in e  sands w ith  
o c c a s io n a l in te rb ed d ed  th in  mud la y e r s  (mud d rapes) from which mud- 
f i l l e d  burrow s p ro tru d e  in to  u n d e rly in g  sands. Sedim entary s t r u c tu r e s  
in c lu d e  low -ang le  p a r a l l e l  lam inae , r ip p le  crossbedding  and f l a s e r  
beds (Appendix A, P la te s  13 and 2 4 ).
T id a l p o in t b a r  d e p o s its  a re  a s s o c ia te d  w ith  t i d a l  c reek s  o r  
r e l a t i v e l y  s t r a ig h t  re ach es  o f e s tu a r ie s  (Land and Hoyt, 1966). In  
th e  Gomez sand p i t  sed im ents s im i la r  to  th e se  p o in t b a r d e p o s its  a re  
reco g n ized  by r e l a t i v e l y  w e ll- s o r te d  to  s l i g h t ly  s i l t y ,  p a r a l l e l -  
bedded f in e  sands th a t  a r e  c u t in to  by channel lag  d e p o s its .  These 
channels  a re  l in e d  w ith  broken and d i s a r t i c u la te d  s h e l l s ,  predomi­
n a n tly  jJ. d i r e c tu s , M. m ercen a ria , C. v i r g i n ic a , p le b e iu s , 
M arg in e lla  spp . and _P. d u p l ic a te s . The sand w ith in  th e se  channels 
i s  b e t t e r  s o r te d  and s l i g h t l y  c o a rse r  th an  th e  sedim ents they  cu t 
in to .  T h is  i s  p robab ly  due to  t i d a l  c u r re n t  winnowing o f th e  f in e
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sands and co arse  s i l t s .  T ransverse  channel b a rs  have n o t been 
reco g n ized . O c c a s io n a l ly ,t id a l  channel d e p o s its  a re  found eroded 
in to  th e  f o s s i l i f e r o u s  sand f a c ie s  and th e  u n fo s s i l i f e ro u s  sand 
fa c ie s  which a re  considered  e q u iv a le n t to  th e  N orfo lk  and K em psville 
Form ations, r e s p e c t iv e ly .  T r a n s i t io n a l ly ,  th e se  r e s t r i c t e d  e s tu a r in e  
o r lag o o n al and t i d a l  c u r re n t d e p o s its  g iv e  way to  more open bay 
d e p o s its  above.
The Use o f G rain S ize  in  D is tin g u ish in g  A ncient B a r r ie r  Environments 
Sediment g ra in  s iz e s  a re  g e n e ra lly  co n sidered  to  r e f l e c t  th e  
le v e l  of c u r re n t o r  wave (o r tu rb u le n t)  energy w ith in  a  d e p o s it io n a l 
environm ent. In  b a r r i e r  is la n d  environm ents, g ra in  s iz e  d ecrea se s  
away from th e  h ig h e r energy sandy beaches toward lower energy 
muddy s h e lf  and b a c k b a rr ie r  bay o r lagoon environm ents (D ickinson, 
1971). V a ria tio n s  in  g ra in  s iz e  over la rg e  a re a s  a re  u s e fu l in d i­
c a to r s  in  th e  re c o n s tru c tio n  o f d e p o s it io n a l environm ents. However, 
c au tio n  must be e x e rc ise d  because a b n o rm a litie s  can, and fre q u e n tly  
do, occur in  shallow  w ater m arine sed im en ts . F lu v ia l o r  e s tu a r in e  
d isch a rg e  n e a r th e  b a r r i e r  is la n d  system , t i d a l  i n l e t  m ig ra tio n , and 
storm  washover d e p o s its  can r e s u l t  in  th e  in tro d u c tio n  o f sedim ents 
which a re  u n c h a r a c te r is t ic  o f  energy regim es w ith in  a p a r t i c u la r  
d e p o s it io n a l environm ent. For th e se  reaso n s  g ra in  s iz e  v a r ia t io n s  
a lone  a re  n o t co n c lu s iv e  in  d is t in g u is h in g  between d e p o s it io n a l 
environm ents and subenvironm ents; however, they  do p ro v id e  v a lu ab le  
c o rro b o ra tin g  evidence (S h id e le r , 1973).
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The sharp  b reak  observed  in  th e  o v e ra l l  coarsening-upw ards 
sequence between th e  u n f o s s i l i f e r o u s  sand f a c ie s  (sh o re lin e )  and 
th e  pebble  mud f a c ie s  (p a lu d a l)  i s  in d ic a t iv e  o f a m ajor change in  
the  l e v e l  o f  energy between th e se  d e p o s it io n a l  environm ents 
(Appendix B ). S o r tin g  v a lu e s  a lso  show a change from w e ll so r te d  
( le s s  than  1 0 )  to  a v e ry  p o o rly  so rte d  (g r e a te r  than  3 0) a t  t h i s  
p o in t in  th e  s e c tio n  (Appendix B -2 ). T his conforms to  th e  change 
from a beach to  a  p a lu d a l environm ent. Of p a r t i c u la r  i n t e r e s t  i s  
the  la c k  o f change in  mean s iz e  f o r  th e  bay and beach environm ents 
above th e  (]. v i r g in ic a  ho rizon  which occurs a t  about 24 f t  below 
th e  ground su r fa c e  (F igu re  1 0 ). The same i s  a ls o  t ru e  o f s o r t in g  
and skewness ex cep t f o r  a  s l i g h t  improvement in  s o r t in g  fo r  th e  
beach d e p o s its  above th re e  m eters  below th e  ground s u r f a c e ,(10 f t )  
(Appendix B -2 ).
Sedim ents making up modem b a r r i e r  is la n d  ch a in s  in  th e  M iddle 
A tla n t ic  B ight appear to  be p r im a r i ly  d e riv ed  from c o a s ta l  e ro s io n  
of P le is to c e n e  head lands through  v e r t i c a l  s u r f  e ro s io n  of headlands 
and l a t e r a l l y  by longshore  d r i f t  from e ro d in g  headlands (S w ift, 1969) 
w ith  lo c a l ly  s ig n i f ic a n t  o ffsh o re  in p u t .  Meade (1969) suggested  
the  dominant landward flow  o f bottom  w aters  a t  th e  mouths o f m ajor 
e s tu a r ie s  m ight f a c i l i t a t e  th e  bayward in f lu x  of l i t t o r a l  and s h e lf  
sands. The r e l a t i v e ly  h igh  v e lo c i ty  of average  bay mouth su rfa c e  
c u r re n ts  fo r  ebb and f lo o d  t id e s  (between 75 to  100 cm/sec as  
compared to  a maximum annual fo re c a s te d  t i d a l  c u rre n t v e lo c i ty  o f 
170 cm /sec, Ludwick, 1970), may have r e s u l te d  in  th e  fo rm ation  of 
c e r ta in  sand p ro v in ces  in  th e  Chesapeake Bay ( i . e .  the  p rov ince
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sou th  o f 37 10 N). These r e l a t i v e l y  well-winnowed sands which a re  
s im ila r  in  te x tu re  to  H ickory Scarp sed im en ts ( i . e .  la c k in g  th e  
h ig h  mud c o n ten t o f most bay sed im en ts) may be la g  sed im ents which 
a re  d e riv ed  in te r n a l ly  th rough  e ro s io n  o f th e  b a y 's  P le is to c e n e  
s u b s t r a te  (S h id e le r , 1975). S w ift e t  a l .  (1971) no ted  th a t  even 
though P le is to c e n e  sou rce  m a te r ia ls  used  in  b a r r i e r  c o n s tru c tio n  
a re  t e x tu r a l ly  h e tro g en o u s, rew orking by th e  s u r f  2one ten d s  to  
homogenize sed im en ts . The p ro g rad ing  type  b a r r i e r  o f  G alveston  
Is la n d , Texas, has a  mean g ra in  s iz e  w hich d e c rea se s  downward; 
and, acco rd ing  to  B ernard e t  a l .  (1962) t h i s  i s  due to  th e  dep o si­
t io n a l  r e la t io n s h ip  w ith  u n d e rly in g  sh o re fac e  sed im en ts . T his could 
e x p la in  th e  la c k  o f t e x tu r a l  change w ith in  th e  u n fo s s i l i f e r o u s  sand 
f a c ie s  b u t does n o t account f o r  th e  r e s t  o f th e  v e r t i c a l  s e c t io n . 
D ickinson e t  a l .  (1971) concludes th a t  any in p u t o f  sedim ent from 
d iv e rse  so u rces  may d is r u p t  th e  g ra in  s iz e  sequence. They considered  
th a t  any changes in  sedim ent s iz e  and c o n te n t a r e  e n t i r e ly  dependent 
on source  dynam ics, and th a t  excep t f o r  in te r s p e r s e d  s h e l l  la y e r s ,  
g ra in  s iz e  should  rem ain c o n s ta n t i f  sedim ent source  has been s ta b le .  
They a ls o  c i t e  n o r th e rn  Padre I s la n d , Texas, a s  an example, which 
has been s ta b le  f o r  most o f i t s  h is to r y  and shows a d ecrease  in  
g ra in  s iz e  downward in  c e r t a in  a re a s .  T his o ccu rs  where th e  sedim ent 
source  has sw itched  from so u th  to  n o r th  along  th e  c o a s t .  I f  t h i s  
i s  t r u e  th en  i t  i s  p o s s ib le  th a t  sedim ent so u rce  rem ained c o n sta n t 
th roughou t d e p o s it io n  o f most o f  th e  H ickory S carp . In  any c ase , 
t h i s  c lo se  t e x tu r a l  r e la t io n s h ip  betw een bay d e p o s its  and th e  o v e r-  
ly in g  b a r r i e r  beach su g g es ts  a p o s s ib le  dynamic in te r a c t io n  between
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th e se  environm ents, rew orking o f bay d e p o s its  a s  a  so u rce  o f beach 
sed im en ts , a n d /o r an unchanging sedim ent so u rce .
T able 2 summarizes th e  im p o rtan t c r i t e r i a  f o r  re c o g n itio n  o f th e  
d i f f e r e n t  b a r r i e r  i s la n d  subenvironm ents and t h e i r  s t r a t ig r a p h ic  
r e la t io n s h ip s  in  th e  H ickory Scarp a r e a .  These c r i t e r i a  a re  grouped 
a s  sedim ent c h a r a c te r i s t i c s  which in c lu d e  te x tu re ,ro u n d n e ss , c o lo r , 
sed im entary  s t r u c tu r e s ,  fauna  and f l o r a .  The s t r a t ig r a p h ic  r e la t io n ­
sh ip s  a re  summarized f o r  each environm ent in  descending o rd e r in  th e  
s e c tio n  and th e  approxim ate age o f  each u n i t  i s  p rov ided  where d a ta  
i s  a v a i la b le .
N ature  o f  C on tacts  Between F ac ies  and 
In te rp r e te d  D e p o sitio n a l H is to ry
The in te r p r e ta t io n  o f th e  c o n ta c ts  between f a c ie s  and th e i r  
d e p o s it io n a l h is to r y  w i l l  be d iscu ssed  s t a r t i n g  w ith  th e  low er p a r t  
o f th e  s e c t io n  ( i . e .  th e  c o n ta c t between th e  G reat B ridge and N orfo lk  
Form ations o f Oaks and Coch (1963) and ending w ith  th e  uppermost 
p a r t  o f th e  s e c t io n  which eq u a te s  to  th e  Sand B ridge Form ation of 
Oaks and Coch (1963).
C ontact Between The B oulder Layer F ac ies  and F o s s i l i f e ro u s  Sand F ac ies
This c o n ta c t c o r r e la te s  to  th e  c o n ta c t between th e  G reat B ridge 
and N orfo lk  Form ation which was d e sc rib e d  by Oaks e t  a l . (1974) as 
conform able. Evidence c i te d  f o r  t h i s  in te r p r e ta t io n  was th e  la ck  
o f s u b a e r ia l  exposure . T his was supported  by th e  s o f tn e s s  and high
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Table 2 - Summary o f  S tra tig rap h ic  R elationsh ips and C r ite r ia  Used to Id en tify  the Depositions) Environments In the 
Hickory Scarp Area, S ou theastern , V irg in ia .
Environ­
ment
L lth o s tra tlg rap h lc  Unit . Sediment Sediment S truc tu res Fauna/Flora Age
Harsh-
mud




(Oaks and Coch, 1973; upper
Sand Bridge Formation)
-  th in s  over Scarp, thickens 
a l l  d ire c tio n s  away from 
c rd s t .  Thickest In low 
areas toward Eastern Branch 
o f E lizabeth  River
-  con tac t w ith underlying 
USF g radational over Scarp, 
abrupt on e a s t  and west 
s lo p e s , PHF In te rf in g e rs  
w ith USF a t  e lev a tio n s  
over 6 m eters.
-  sandy c la y , dark 
brown-yellow-gray 
(N-6 to 5V8/4 to  • 
5YR5/2)
-  abundant organic 
deb ris
-  abundant pebbles 
Wadell roundness 
0.424 + 0.115 
Mz 5 .6  to  6 .7  0 
so r t in g ,  3 .0  to 4 .2  0 
skewness, Sk 0.29
-  h igh ly  m ottled due to  
b io tu rb a tio n
-  many burrows and ro o t 
s tru c tu re s  extend 
down In to  USF
- f in e  wavy lam inations 
w ith sand/clay  f i l l e d ,  
sh e ll lin ed  channels 
(0.6-2m.
to  lm. deep) c u t Into 
underlying sands over 
Scarp.
- E. d lre c tu s , M 
H ercenarla and
t  v irg in ic a  lin e  
Bottom o f channels
-  PMF I t s e l f  Is  
leached o f 
calcareous fauna
- S oartlna 
remains abundant 
over Scarp a t  
e lev a tio n s over 
+ 6 meters












U nfossllIfe rous Sand Facies
(Dune Sands)
(Oaks and Coch, 1973: Upper
Kempsvllle Formation)
-  most p rev a len t a t  h igher 
e lev a tio n s along Scarp C rest 
(more than 3.7m.)
- occur In "pimple mounds" 
west o f  Scarp C rest a t  
e lev a tio n s o f  5 .6 -7 .6m.
-  th ickness o f  deposits  
from 0 to  1.8m.
- f in e  to  medium white 
to  occas ionally  tan 
sand (104 R 715)
- trac es  o f  organic 
debris
-  no pebbles
Mz 2.6 to  2 .0  0 
well so rted  0 .30 0 
f in e ly  skewed Sk-0.30
-  occasional small sc a le , 
low angle crossbedding 
o u tlin ed  w ith opaque 
m inerals
-  except fo r  above, 
massive In appearance
- frequen t roo t 
trac es
Hot
s p e c i f i ­








se r ie s  
d ates on 
underlying 
s t r a t a  and 
s t r a t ig r a ­
phic 
po sitio n
Legend - pebble Hud F a c i e s ------------------  —  PMF F o ss ilife ro u s  Sand F a c i e s ------- —  FSF
U nfossllIfe rous Sand Facies --------  USF Boulder lay er Facies   BLF





















L tth o s tra tig ra p h lc  Unit Sediment
C h a ra c te r is tic s .






U nfosslllfe rous Sand Facies 
(Oaks and Coch, 1973; upper 
Kempsville Formation)
-  occurs a t  higher e lev a tio n s  
(5 .5m ., 18 f t )  west o f Scarp 
C rest and a t  s l ig h t ly  lower 
(4m., 13 f t )  e a s t  o f  the 
C rest
-  a th in  (0-2m, 0-7 f t )  
d iscontinuous b lanket over 
e n t ir e  study area
- w hite to  occasionally  
tan and (10YR7/5)
- no organic debris 
detec ted  • •
-  0-10X pebbles Waddel 
roundness o f 0.625 + 
0.182
Mz 2 .5  to  1.8 8 
Sk -  0 .6  to  0.4 
Sorting  0 .4  to  1 .0 0
-  low angle (p a ra lle l  
laminae frequen tly  
o u tlin ed  with opaque 
m inerals. Dipping 
2.7 e a s t .  Commonly 
a l te rn a t in g  with small 
sc a le  crossbedding
- occasional she ll 









-  same as above
-  usually  s tr a t ig ra p h ic a l ly  
below backshore
- same as above -  low angle laminae 
dipping 2 to  7 to  e a s t 
In te rspersed  w ith high
. (2 .5  ) angle crossbeds 
dipping west
-  occasional very fin e  
mud lense  (0.5cm ), 




major) burrows cu t 
th in  mud lenses









-  same as above
- u sua lly  s tr a l ig ra p h ic a lly  
below foreshore
- h ighly  v a ria b le )  
basic  d ep o sit same as 
above, w ith  in te r ­
m itte n t horizons o f 
coarse sa n d ^ h e ll  and 
g rav e l. (Storm 
d ep o s its )  and highly 
b io tu rb a ted  p a ra lle l  
lam inated f in e r  sands.
-  coarse m ateria l f r e ­
quently  In wedge 
shaped lenses
- occasional small scale  
r ip p le  crossbedding
-  coarse sand and gravel 
lags generally  
s tru c tu re le s s
- liigh degree of 
burrowing 
o r ig in a tin g  in 




U nfosslliferous Sand Facies --------  USF
Leached F o ss ilife ro u s  Sand F acies- LFSF
F o ssilife ro u s  Sand Facies 



















Table 2 - (Continued)
Environ­
ment
L lth o s tra tlg ra p h lc  Unit Sediment
C h a ra c te ris tic s







U nfossU lferous Sand Facies 
(Oaks and Coch, 1973; Kemps- 
v l l i e  Formation)
-  occurs a t  e lev a tio n s  o f  2.8 
to  3.6m, In the Uomac, C ity  
Line and Tidewater Sand Co. 
Sand P its  Immediately e a s t  
o f Scarp C res t.
F o ss ilife ro u s  Sand Facies 
(Oaks and Coch, 1973: Norfolk 
Formation)
-  occurs 1 km e a s t o f  Scarp 
C rest In drainage d itc h  
(1 .Om e lev a tio n )
-  b a s ic a lly  same as 
above, Immediately 
e a s t  o f  Scarp C res t, 
-becomes d i r ty  1 km' 
e a s t  o f  c r e s t  due to  
v is ib le  presence o f 
organic d e t r i tu s  and 
c lay .
-  lam inated sands, 
heav ily  burrowed with 
minor r ip p le  c ro ss­
bedding
• S so lid iss im a ,
F  d u p llc a tu s ,
£  d ire c tu s ,
5 . ca rlc a  In llv ln o  
p o s itio n  1 km e a s t 









Cut and f i l l  from various 
fac ie s  from 3 to  11 meters 
below the su rface .
-  s h e l ls ,  cobbles
- coarse g ra in  sand, 
white to  tan  
(10VR7/5) Mz 0 .2  to 
0.87 0
-  p lanar to  tangen tia l 
crossbeds (0 .3  to  2 .4 
m eters)
-  a l te rn a t in g  coarse 
(Hz 0 .2  to 0.47 0) and 
f in e r  (Mz 0.67 to  
0.87 0) laminae
-  Southwest
dip 36° near bottom 
to  16° a t  top.
- broken and d i s a r t i ­
cu la ted  s h e lls  o f 
various species.
Same a ; 
above
legend - Pebble Mud f a c i e s -----------------  —  t’Hf F o ss ilife ro u s  Sand F a c i e s  —  FSF
U nfossU lferous Sand Facies - - - - -  OSF Boulder layer F a c ie s  ............. -  BIF

















Table 2 -  (Concluded)
Environ­
m e n t ^
Open Bay 










L lth o s tra tlg ra p h lc  Unit
Leached F o ss ilife ro u s  Sand 
Facies
(Oaks and Coch, 1973; Kemps- 
v l l l e  Formation) 
and upper
F o ss ilife ro u s  Sand Facies 
(Oaks and Coch, 1973; Norfolk 
Formation)
F o ss ilife ro u s  Sand Faclcs 
(Oaks and Coch, 1973; Norfolk 
Formation)
Boulder Layer Facies 





C h a ra c te ris tic s
l ig h t  gray to  white 
sand
coarser and b e t te r ,  
so rted  than under­
ly ing  f in e r  sand 
le s s  m ottling
medium to  very fin e  
sands and s i l t y  sands 
Mz 2 . 2  to  3 .7 0 
so rtin g  poor 1.4 P. 
f in e  grained iand- 
s to n e , s i l t s to n e  and 
In terlam lnated  
claystone
Sediment S truc tu res
la rg e  to  small scale  
mud lin e d  r ip p le  c ro ss­
beds
many primary sedimen­
ta ry  s tru c tu re s  (0 .5  to  
1.5 cm th ic k ) , many 
destroyed by frequent 
burrows o f  C major 
flow Is southwest 
discontinuous' p a ra lle l  
laminae
heav ily  burrbwed 
p a ra lle l  and micro­
cross lam ination 
scour and f i l l  
s tru c tu re s
legend - Pebble Mud F a c i e s   ----- -— H4fr
U nfossllIfe rous Sand Facies --------  USF
Leached fo s s i l i fe ro u s  Sand Facies- LFSF
Fauna/Flora
C major and a wide 
v a rie ty  o f marine 
(open w ater) species 
fewer In te r t id a l  
species
abundance o f 
brackish water 
fauna (e .g .
C. v irg in ic a , 
R. m ercenaria, 
F . d lr e c tu s ,~  






F o ss ilife ro u s  Sand Facies 
Boulder Layer Facies -------
FSF
BLF
m oistu re  co n ten t o f  the  c layey  s i l t  f a c ie s  o f th e  G reat B ridge 
Form ation which suggested  th a t  i t  had n o t s u ffe re d  d eh y d ra tio n  by 
s u b a e r ia l  exposure b e fo re  d e p o s it io n  o f N orfo lk  age sed im en ts.
Much o f t h i s  p rev io u s  work was based on o b se rv a tio n s  tak en  from 
shallow  sand p i t s ,  d is tu rb e d  co re  sam ples and j e t - r i g  o r  f lu s h  
b o r in g s . T his g r e a t ly  in h ib i te d  o b se rv a tio n  o f  th e  necessa ry  
sed im en to lo g ic  c r i t e r i a  to  determ ine th e  p o s t-d e p o s it io n a l  h is to ry  
o f th e se  deeper d e p o s its  and th e  t r u e  n a tu re  o f  th ese  c o n ta c ts . 
R ecen tly , deeper sand p i t s  than  were p re v io u s ly  a v a ila b le  along  th e  
H ickory Scarp have a llow ed d i r e c t  o b se rv a tio n  o f sedim entary 
s t r u c tu r e s ,  m acrofauna, com paction and th e  n a tu re  of c o n ta c ts  
between th e se  u n i t s .
The upper th re e  m eters  o f th e  G reat B ridge Form ation i s  
re p re se n te d  in  th e  s tu d y  a re a  by th e  bou lder la y e r  f a c ie s  which 
co n ta in s  two b o u ld er la y e r s .  The low er b o u ld er la y e r  i s  d i r e c t ly  
o v e r la in  by t r e e  stumps in  th e  l i f e  p o s i t io n .  This re q u ire s  th a t  
a p e rio d  o f s u b a e r ia l  exposure preceded d e p o s it io n  o f  o v e rly in g  
sedim ents (Appendix A, P la te  20). In  th e  T idew ater Sand Company 
sand p i t ,  th e  low er b o u ld e r la y e r  r e s t s  upon a  5 to  20 c en tim e te r 
th ic k  hard -pan  ( i r o n  ox ide) s u r fa c e . In -p la c e  t r e e  stumps d i r e c t ly  
o v e rlay  and a re  in te rm in g led  w ith  th e se  b o u ld e rs . In  th e  Gomez sand 
p i t  th e  h a rd -pan  s u r fa c e  i s  n o t found and th e  t r e e  stumps d i r e c t ly  
o v e rla y  th e  low er b o u ld er la y e r .  T his f o r e s t  o f in -p la c e  t r e e  
stumps i s  o v e r la in  by medium to  c o a rse , p o o rly  so r te d , crossbedded 
sands co n ta in in g  abundant wood and p la n t  d e b r is  o r  s i l t y  sands and
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c la y s  c o n ta in in g  (2. v i r g in ic a ,  M. m ercen a ria , M. e d u l i s , L. i r r o r a t a ,
C. b o re a l is  and o rg an ic  d e b r is  (Appendix A, P la te s  16 and 1 9 ). 
U sually  th e  t r e e  stumps were encased in  t h i s  c la y .
T his low er b o u ld er la y e r  re p re se n ts  a  g la c io - e u s ta c t ic a l ly  
induced p e rio d  o f s u b a e r ia l  exposure evidenced by th e  p resence  of 
in -p la c e  t r e e  stumps above- a  compacted su rfa c e  on which th e  
b o u ld ers  r e s t ,  th a t  i s  c o n tra s te d  by r e la t iv e ly  uncompacted s e d i­
ments d i r e c t ly  above. An o v e rly in g  e s tu a r in e  marsh complex i s  
in d ic a te d  by o rg an ic  r ic h  s i l t s  and c la y s  c o n ta in in g  a  b ra c k ish  
w ater fau n a . T his o v e rly in g  e s tu a r in e  marsh complex c o n ta in s  
fauna th a t  tend  to  p re fe r  c o o le r  n o rth e rn  w a te r s ,( e .g .  C.  b o re a l is )  
and la ck s  warmer w a te r fauna . M icrofauna a lso  in d ic a te  c o o le r  
w ater co n d itio n s  below th i s  upper bou lder la y e r  (Spencer, unpubl. 
d a ta ) . D ire c tly  above the  upper bou lder la y e r  (a c ro ss  th e  c o n tac t 
between th e  bou lder la y e r  f a c ie s  and th e  f o s s i l i f e r o u s  sand fa c ie s )  
fauna r e f l e c t  warm w ater c o n d itio n s . The ab ru p t change in  tem pera­
tu re  regim es a s  r e f le c te d  by fauna , in  a d d itio n  to  th e  compacted 
su rfa c e  a long t h i s  c o n ta c t in d ic a te  a  p e rio d  o f e ro s io n .
The upper b o u ld er o r cobble la y e r  occurs a t  3 .5  m eters  (12 f t  
BSL). T h is bou lder la y e r  i s  o v e r la in  by o rg an ic  r ic h  s i l t s  and 
c la y s  o f e s tu a r in e  o r ig in  w ith  some f in e  sands o r  medium to  co arse  
trough  and p la n a r  crossbedded sands c o n ta in in g  abundant wood d e b r is .  
F req u en tly  th e se  b o u ld e rs  a re  used a s  a substra tum  by d isco n tin u o u s  
£ .  v i r g in ic a  la y e r s .  These d e p o s its  a re  b e liev ed  to  be due to  
m ig ra tin g  e s tu a r in e  t i d a l  ch an n e ls .
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The upper b o u ld er la y e r  u s u a lly  l i e s  d i r e c t ly  on a compacted 
f in e  sand o r  c la y  u n i t  and i s  c o n s is te n t ly  o v e r la in  by r e l a t i v e ly  
uncompacted sedim ents o f  d i f f e r in g  l i th o lo g ie s  in d ic a t in g  rew orking 
and p ro b ab le  s u b a e r ia l  exposure. W hile no t r e e  stumps a re  found, 
la rg e  p ie c e s  o f Taxodium (cyprus) wood fre q u e n tly  occur in  channel 
c u t and f i l l  s t r u c tu r e s  d i r e c t ly  over th e se  b o u ld e rs . T his le a v e s  
open th e  p o s s ib i l i t y  th a t  t r e e s  had grown on top  o f th e  b o u ld e rs  
during  a low er sea  le v e l  and were destroyed  d u rin g  subsequent t r a n s ­
g re s s io n . Perhaps th e  reason  stumps a re  p reserv ed  above on ly  th e  
low er b o u ld er la y e r ,  i s  th a t  they  were encased in  mud th a t  was 
d e p o sited  in  a  m arsh environm ent; whereas th e  upper b o u ld er la y e r  
was n o t covered by such a d e p o s it .  A nother p o s s ib i l i t y  i s  th a t  th e  
tra n s g re s s io n  f o r  th e  upper bou lder la y e r  was f a s t e r  and destro y ed  
th e  t r e e s  b e fo re  s i l t s  and c la y s  were d e p o s ite d . Sw ift (1968) has 
d esc rib ed  a s im ila r  type p ro cess  in  th e  Bay o f Fundy.
These b o u ld ers  have p re fe r re d  long a x is  o r ie n ta t io n s  th a t  v ary  
s l i g h t ly  from p i t  to  p i t  (Darby, p e rso n a l com m unication). B oulders 
measured in  th e  C ity  L ine sand p i t  a re  o r ie n te d  dom inantly  to  the  
ESE w h ile  in  th e  Gomez sand p i t  they  a re  n o r th -so u th . The Yadkin 
sand p i t  has o r ie n ta t io n s  o f e a s t-w e s t and so u th eas t-so u th w es t 
w h ile  th e  Bowers H i l l  sand p i t  b o u ld e rs  were o r ie n te d  NNE-SSW 
and SSE-NNW (Darby, unpubl. d a ta ) .  P o ss ib le  im b ric a tio n  was 
noted b u t i t  i s  v e ry  d i f f i c u l t  to  see  in  most lo c a t io n s  because th e  
b o u ld e rs  a re  n o t norm ally in  c o n ta c t w ith  each o th e r .  These p re ­
fe r re d  o r ie n ta t io n s  probably  in d ic a te  p o s t-d e p o s it io n a l  rew orking by
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t i d a l  o r  storm  c u r re n ts  an d /o r t ra n s g re s s in g  o r re g re s s in g  s e a s .
The ex ac t mechanism th a t  d e p o sited  th e se  two b o u ld er la y e r s  i s  no t 
known. Johnson (1976) has mapped s im ila r  cobble  la y e r s  a long  th e  
Big B ethel Scarp in  Hampton, V irg in ia .  He b e lie v e s  th a t  th e  cobb les 
a re  reworked from o ld e r  f l u v i a l  channels  by a  headland beachface  
during  tra n s g re s s in g  s e a s . As ev idence he c i t e s  bou lder beaches 
th a t  occur a long  th e  Big B e th e l Scarp (5 .8  m e te rs  ASL). Im m ediately 
to  th e  e a s t  o f t h i s  sca rp  th e  b o u ld e rs  r e s t  unconform ably, in  a  
s in g le  la y e r ,  on unw eathered Yorktown Form ation.
Major problem s w ith  ap p ly ing  t h i s  in t e r p r e ta t io n  to  th e  b o u ld e rs  
in  th e  H ickory Scarp a re a  a re  th a t  th e  b o u ld e rs  a re  found on s e d i­
ments rang ing  from c la y  to  co a rse  sand and n o t j u s t  beach sand .
I f  b o u ld e rs  a re  reworked from a headland by a t r a n s g re s s iv e  s e a , 
then  th e re  should  n o t be in -p la c e  t r e e  stumps im m ediately above 
them. Of co u rse  th e se  b o u ld e rs  could have been d e p o sited  by rework­
ing o f f l u v i a l  d e p o s its  a s  Johnson (1976) suggested  and su b seq u en tly  
reworked during  the  e ro s io n  phase o f a  re g re s s io n . T his would 
a llow  f o r  s u b a e r ia l  exposure o f th e  b o u ld e rs  and an o v e rly in g  f o r e s t  
to  develop . A second p o s s ib le  e x p lan a tio n  c a l l s  fo r  r i v e r  i c e -  
r a f t in g  o f b o u ld e rs  d u rin g  h igh  sea  le v e l s  in to  shallow  bay o r  
e s tu a r in e  environm ents d u rin g  th e  e a r ly  o r l a t e  phases o f a  t r a n s ­
g re s s io n  when th e  c lim a te  m ight be c o o le r  th an  today . This mechanism 
could e x p la in  th e  v a r i a b i l i t y  o f s u b s tra t.e s  f o r  th e  b o u ld e rs . 
C e r ta in ly  th e  th re e  m eter long dim ension o f  some b o u ld e rs  re q u ire s  
a  t r a n s p o r t  mechanism th a t  i s  u n r e a l i s t i c  fo r  most mechanisms o th e r
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than  i c e - r a f t i n g  (Darby, p e rso n a l com m unication). A th i r d  p o s s ib le  
ex p lan a tio n  i s  th a t  h igh  e le v a tio n  g ra v e ls  o f th e  piedmont and in n e r  
c o a s ta l  p la in  o f  th e  so u th e a s te rn  U nited  S ta te s  a re  rem nants o f 
c o a le sc in g  a l l u v i a l  fan s  l a id  down m ostly  by b ra id e d  stream s on 
p e d ip la n t s u rfa c e s  d u ring  an a r id  Miocene c lim a te  (A lt, 1974).
P o ss ib ly  such a mechanism tra n s p o r te d  la rg e  q u a n t i t ie s  o f bou ld ers  
over th e  c o a s ta l  p la in  and even f a r  o u t onto  th e  s h e l f .  However, an 
o r ig in  by t h i s  mechanism would r e q u ire  removal o f  la rg e  q u a n t i t ie s  
o f sedim ent f o r  which ev idence  i s  la c k in g . T his mechanism m ight 
h e lp  to  e x p la in  a so u rce  o f b o u ld e rs  in  th e  nearby  p iedm on t/inner 
c o a s ta l  p la in  sedim ents b u t even h e re  where s e v e ra l  p eb b le /co b b le  
la g s  s e p a ra te  t e r t i a r y  u n i t s ,  la rg e  b o u ld ers  a re  n o t common.
D ire c tly  o v e rly in g  th e  b o u ld e r la y e r  f a c ie s  i s  an e s tu a r in e  
to  r e s t r i c t e d  bay f a c ie s  ( th e  f o s s i l i f e r o u s  sand f a c ie s ) ,  as evidenced 
by th e  m esosa line  w a te r fauna and p a lu d a l sed im en ts . T h is f a c ie s  i s  
co n sid ered  e q u iv a le n t to  th e  N orfo lk  Form ation o f Oaks and Coch (1973) 
and i s  in te r p r e te d  to  be th e  beg inn ing  o f th e  t r a n s g re s s iv e / r e g re s ­
s iv e  sequence d e p o s its  th a t  make up th e  H ickory Scarp b a r r i e r  is la n d  
complex. These d e p o s its  were in te rp re te d  p rev io u s ly  a s  open m arine 
(Oaks, 1965; Oaks and Coch, 1973; Oaks e t  a l .  1974). Data in  t h i s  
s tu d y  in d ic a te  th a t  th e  m a jo r ity  o f  th e se  sedim ents a re  d ep o sited  in  
a  r e s t r i c t e d  to  open bay o r sound environm ent behind o r sep a ra ted  
from th e  sea  by a  p ro te c t iv e  b a r r i e r  i s la n d .  Evidence f o r  t h i s  
in t e r p r e ta t io n  i s  th e  o rg an ic  r i c h ,  h ig h ly  b io tu rb a te d , clayey  
s i l t s ,  c la y s  and f in e  sands th a t  c o n ta in  r e l a t i v e ly  warm b rack ish
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w ater o r  s a l i n i t y  to le r a n t  fau n a . Prim ary sedim entary s t ru c tu re s  
a re  g e n e ra lly  ab sen t which i s  p robab ly  due to  in te n se  rew orking by 
burrowing organism s ty p ic a l  o f p ro te c te d  environm ents (Reineck and 
Singh, 1973). Moving upward in  th e  s e c tio n  an d /o r to  th e  e a s t ,  
t h i s  f a c ie s  becomes more sandy. This i s  evidenced in  th e  change 
im m ediately above th e  b o u lders  from th e  Gomez sand p i t  to  th e  C ity  
Line sand p i t .  T his i s  probably  due to  in c reased  in f lu x  o f sand 
from b a r r i e r  washover d e p o s its ,  t i d a l  d e l ta s  and th e  c lo se r  
p ro x im ity  to  a c t iv e  t i d a l  i n l e t s  (Reineck and Singh, 1973).
C ontact Between th e  F o s s i l i f e ro u s  Sand F ac ies  and Leached F o s s i l i ­
fe ro u s  Sand F ac ie s
T his c o n ta c t c o r r e la te s  to  th e  c o n tac t between th e  K em psville 
and N orfo lk  Form ation which was d esc rib ed  a t  th e  Womack sand p i t  
in  V irg in ia  Beach by Oaks (1965, F igu re  1 ) .  This same c o n ta c t 
occurs  in  th e  nearby Gomez sand p i t  (Appendix A, P la te  12) and a lso  
in  o th e r  lo c a l  exposures ( e .g .  deeper c o n s tru c tio n  d itc h e s , d ra inage  
d itc h e s  and in  v ib ra c o re s ) . The co n tac t has th e  appearance o f being 
an e ro s io n a l  su rfa c e  th a t  has been cemented by iro n  oxides in  the  
upper 2 to  15 c e n tim e te rs . Oaks (1965) concluded th a t  t h i s  "eroded" 
su rfa c e  was cemented as a r e s u l t  o f su b a e r ia l  exposure during  a 
g la c io - e u s ta t i c a l l y  low er sea  l e v e l .
W ith deeper and d i f f e r e n t  sand p i t s  than  were p rev io u s ly  a v a i l ­
a b le ,  th e  c o n ta c t between sands, which was in te rp re te d  a s  e ro s io n a l, 
i s  unm istakab ly  th e  r e s u l t  o f d ia g en e s is  le av in g  leached sand above 
and sand s t i l l  c o n ta in in g  f o s s i l s  below. Iro n  oxide d e p o s its  a re
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norm ally taken  to  re p re se n t o x id a tio n  o f in  s i t u  iro n  compounds a t  
th e  su rfa c e  during  s u b a e r ia l  exposure, b u t t h i s  oxide d e p o s it  can 
a ls o  form in  th e  su b su rfac e .
X -ray d e f ra c t io n  a n a ly s is  o f  th e  red-brow n oxide sedim ent a t  
the  c o n ta c t in d ic a te d  th e  p resence  o f h e m a tite , s i d e r i t e ,  and c a l c i t e  
(a p a r t  from in t a c t  s h e l l  m a te r ia l ) .  T h is boundary appears  to  occur 
p r im a rily  where th e re  a re  dense c o n c e n tra tio n s  o f s h e l l s  and i s  
th e re fo re  d isco n tin u o u s  throughout th e  a re a . The a s s o c ia t io n  o f 
th i s  boundary w ith  s h e l l  c o n c e n tra tio n s  in d ic a te s  th a t  calcium  
carbonate  co n ta in ed  in  th e  s h e l l  m a te r ia l  i s  a t  l e a s t  p a r t i a l l y  
re sp o n s ib le  fo r  th e  fo rm ation  o f  t h i s  c o n ta c t .  The fo rm ation  of 
s i d e r i t e  cement i s  c o n tro lle d  by Eh and the  c a lc iu m /iro n  r a t i o .
When ground w ater c o n ta in in g  fe r ro u s  io n s  comes in  c o n ta c t w ith  
calcium  carb o n ate  th e  fo llo w in g  r e a c tio n  can occur:
CaCo^ + Fe^+ FeCo^ + Ca^+
(B la t t  e t  a l .  1972).
The c a l c i t e  co n ta in ed  in  s h e l l s  w i l l  be d is so lv e d  and rep laced  
by s i d e r i t e  i f  i t  comes in  c o n ta c t w ith  a  s o lu t io n  co n ta in in g  
fe rro u s  io n s . Darby (p e rso n a l communication) has found th a t  magne­
t i t e  i s  d e p le ted  in  th e se  P le is to c e n e  d e p o s its  r e l a t iv e  to  unleached 
d e p o s its  and modern nearby beaches su g g estin g  th a t  i t  m ight be a 
m ajor source  o f iro n  fo r  th e se  oxide la y e r s .  A cid ic  ground w ater 
de riv ed  from o v e rly in g  o rg a n ic - r ic h  d e p o s its  e x t r a c ts  fe r ro u s  io n s  
from m ag n etite  and o th e r  fe r ro u s  m in e ra ls  and calcium  carbonate  
from s h e l l s  co n ta in ed  in  th e  leached  sed im en ts .
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A s im p l i f ic a t io n  o f t h i s  p ro c e ss  m ight be th a t  th e  s h e l l s  a re  
leached  o u t from th e  sedim ents u n t i l  th e  pH i s  r a is e d  beyond th e  
s t a b i l i t y  range o f i ro n ,  th e  iro n /c a lc iu m  r a t i o  in c re a s e s  and p r e -  
c ip a t io n  o f s i d e r i t e  and p robab ly  h em atite  ta k e s  p la c e . The 
occu rrence  o f h em atite  can be ex p la in ed  by a  s im ila r  mechanism.
The Eh o f a c id ic  ground w a ter co n ta in in g  fe r ro u s  io n s  can be a l te r e d  
by s u b a e r ia l  exposure o r  by a s ig n i f ic a n t  in c re a s e  in  pH. This 
r i s e  in  ground w a te r pH could  r e s u l t  from d is s o lu t io n  o f  s h e l l s .
The fo llo w in g  r e a c t io n  cou ld  th en  occu r:
2Fe2+ +  4 HCO3'  +  H20 +  1 /2  0 2 ^ F e 2 (OH>2 +  4 CC>2
During p e rio d s  o f  low er than  normal ground w a te r le v e l s  o r  over 
an extended p e rio d  o f tim e th e  g o e th ite  deh y d ra tes  to  h em atite  
(B la t t ,  e t  a l .  1982). T his phenomenon combined w ith  th e  v a r i a b i l i t y  
of s h e l l  c o n c e n tra tio n s  a re  b e lie v e d  to  be d i r e c t ly  re s p o n s ib le  fo r  
th e  u n d u la tin g  and i r r e g u la r  appearance o f th e  c o n ta c t between th e  
leached  f o s s i l i f e r o u s  sand f a c ie s  and th e  f o s s i l i f e r o u s  sand f a c ie s .  
I t  i s  p robab le  th a t  in  a re a s  where in s u f f i c i e n t  fauna e x is te d  to  
cause th e  p r e c ip i ta t io n  of i ro n  o x ides and h y d ro x id es , t h i s  boundary 
does n o t e x i s t .  W ithout s u f f i c i e n t  carb o n ate  to  impede le a c h in g  the 
e n t i r e  s e c t io n  o f th e  leach ed  f o s s i l i f e r o u s  sand f a c ie s  and the  
f o s s i l i f e r o u s  sand f a c ie s  i s  ren d ered  b a rre n  w ith  o n ly  g h o s ts  o f 
s h e l l s  and o u t l in e s  o f burrows rem ain ing . Where t h i s  o c cu rred , 
e .g .  in  th e  T idew ater Sand Company p i t ,  th e  environm ent o f  d ep o si­
t io n  was in fe r r e d  by th e  amount o f s h e l l  g h o s ts , degree  o f m o ttlin g , 
sed im entary  s t r u c tu r e s ,  r e l a t i v e  s t r a t ig r a p h ic  p o s i t io n ,  r e l a t i v e  
p ro x im ity  e a s t  and w est o f th e  p re s e n t p o s i t io n  o f th e  H ickory Scarp 
and te x tu r a l  param eters  o f th e  sed im en ts.
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A d ia g e n e tic  o r ig in  o f th e  c o n ta c t between the  N orfo lk  Forma­
t io n  and th e  younger K em psville Form ation, p re v io u s ly  mapped a s  
e ro s io n a l  by Oaks and Coch (1973), i s  evidenced by is la n d s  o f 
r e l a t i v e l y  unleached  s h e l l s  w ith in  th e  b a rre n  leached  p o r tio n s  o f 
th e  leach ed  f o s s i l i f e r o u s  sand f a c ie s ,  sed im entary  s t r u c tu r e s  and 
bedding p la n es  th a t  c u t a c ro s s  t h i s  c o n ta c t ,  th e  same te x tu r a l  
p a ram eters  in c lu d in g  p e rc e n t opaque m in e ra ls  and abundance and 
roundness o f mica above and below th e  c o n ta c t ,  th e  same sedim entary  
s t r u c tu r e s  above and below th e  c o n ta c t ,  ch iten o u s  hinge ligam ent 
co v ers  o f M. m ercenaria  and g h o sts  above th e  c o n ta c t w ith  th e  
e n t i r e  rem ain ing  p o r tio n  o f th e  s h e l l s  below, re d d ish  brown h em atite  
p re c ip a te  a long  th e  c o n ta c t ,  and no evidence o f a  b reak  in  th e  
s t r a t ig r a p h ic  sequence such a s  a  g ra v e l la g , change in  d e p o s it io n a l 
environm ent o r  change in  sedim ent com paction. T h e re fo re , i t  i s  
concluded th a t  th e  leached  f o s s i l i f e r o u s  sand fa c ie s  eq u ates  to  the  
low er member o f th e  K em psville Form ation which conform ably o v e r l ie s  
th e  N orfo lk  and re p re s e n ts  a  c o n tin u a tio n  o f th e  tra n s g re s s iv e  
sequence.
C ontact Between th e  Leached F o s s i l i f e ro u s  Sand F ac ies  and th e  
U n fo s s i l i fe ro u s  Sand F ac ies
Where the sequence has not been destroyed by tidal inlet 
deposits, the leached fossiliferous sand facies is directly over- 
lain by the unfossiliferous sand facies. These deposits consist of 
medium to fine, moderately well sorted, crossbedded sands containing 
greater than one percent opaque minerals and zero to ten percent
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p e b b le s  b o th  s c a t t e r e d  th ro u g h o u t and c o n c e n tra te d  in  sm all le n s e s .  
The dom inant s ed im en ta ry  s t r u c t u r e s  a r e  lo w -an g le  p a r a l l e l  lam in ae , 
o u t l in e d  w ith  opaque m in e ra ls .  These lam inae  d ip  one to  seven 
d e g re e s  to  th e  e a s t  o r  w est (A ppendix A, P la t e  9 ) .  O ccasio n a l 
w edge-shaped le n s e s  o f  c o a r s e r  sand  and g ra v e l  o c c u r , ra n g in g  in  
t r a c e a b le  le n g th s  from  a few m e te rs  to  30 m e te rs .  These a r e  i n t e r ­
p re te d  a s  beach  and a s s o c ia te d  s to rm  w ashover d e p o s i ts  and e q u a te  to 
th e  upper K em psv ille  F orm ation  o f  Oaks (1 9 6 6 ).
The b a se  o f  th e  u n f o s s i l i f e r o u s  sand  f a c ie s  i s  marked by th e  
o c c u rre n c e  o f  s h e l l  g h o s ts .  W est o f  th e  H ickory  Scarp c r e s t  in - p la c e  
g h o s ts  o f M. m e rc e n a ria  mark th e  b a se  o f t h i s  f a c ie s  (Appendix A, 
P la t e s  8 and 1 0 ) . E a s t o f  th e  Scarp c r e s t  g h o s ts  o f £ .  s o l id is s im a  
in  l i v in g  p o s i t io n  m ark th e  b ase  o f t h i s  f a c i e s .  Ŝ . s o l id is s im a  i s  
a  r a p id  b u rro w er th a t  p r e f e r s  to  in h a b i t  s o r te d ,  som etim es g ra v e l ly  
to  v e ry  c o a rse  san d s t h a t  o c cu r in  th e  h ig h -en e rg y  s u r fa c e  zones 
j u s t  below  mean low w a te r  o f  n o r th e rn  b eaches a long  th e  A t la n t ic  
C o as t, and i s  seldom  found f a r t h e r  o f f s h o re  ex cep t in  th e  South 
(V ir g in ia ,  N orth  and S outh  C a ro lin a )  w here i t  i s  found p ro g r e s s iv e ly  
f u r t h e r  o f f s h o r e  (S ta n le y , 1 9 7 0 ). At i t s  so u thernm ost ra n g e , o f f ­
sh o re  from N orth and South C a ro lin a , j>. so lid iss-im a i s  found up to  
fo u r  k ilo m e te rs  o ff sh o re  (D exter Haven, p e rso n a l com m unication).
T h is  sp e c ie s  i s  encoun tered  a t  many n earsh o re  l o c a l i t i e s  around 
Cape Cod, M assachuse tts  and i s  con sid ered  to  p re fe r  coo l tem perate 
w a te r in  a  h ig h -en erg y  wave environm ent. I t  i s  seldom found in  
m eso sa lin e , r e s t r i c t e d  environm ents (S tan ley , 1970). One k ilo m e te r 
e a s t  o f  th e  H ickory Scarp c r e s t ,  where th e  s e c tio n  has n o t been
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leached  o f  c a lca reo u s  m a te r ia l ,  t h i s  sp e c ie s  o ccu rs  w ith  
B. c an a licu la tu m , Crucibulum s tr ia tu m  (S ay), L u n a tia  t r i s e r i a t u s  (Say), 
Hydrobia t o t t e n i  (M orrison), and M. cam pech iensis .
The leached  f o s s i l i f e r o u s  sand f a c ie s  i s  d i r e c t ly  o v e r la in  by 
a r e g re s s iv e  beach marsh d e p o s i t .  T herefo re  a t  some p o in t in  the  
upper p o r tio n  o f th e  leached  fo s s e l i f e r o u s  sand f a c ie s  th e  o n se t 
o f th e  re g re s s io n  took  p la c e .
C ontact Between th e  U n fo s s il ife ro u s  Sand F ac ies  and th e  Pebble 
Mud F ac ies
These l i t t o r a l  o r  beach d e p o s its  a re  conform ably o v e r la in  by 
a 0 .2  to  3 .0  m eter th ic k  re g re s s iv e ,  p a lu d a l marsh o r m u d -f la t 
d e p o s it which i s  term ed th e  pebble  mud f a c ie s .  Evidence fo r  th i s  
environm ental in te r p r e ta t io n  in c lu d e : 1) th e  occurrence  o f  sandy
c la y s  w ith  d isco n tin u o u s  wavy la m in a tio n s , 2) abundant p la n t  d e b r is  
(p o ss ib ly  S p a r t in a ) , 3) pelecypod , shrimp and o th e r  burrow ers, 
and 4) th e  absence o f a g ra v e l la g  which would be expected  i f  a 
t ra n s g re s s io n  had taken  p la c e  where c o n s id e ra b le  amounts o f pebb les 
were co n ta in ed  th roughout th e  u n d e rly in g  sand f a c ie s  (S ta h l e t  a l .  
1974). The p a lu d a l sed im ents have been dated  u s in g  rad io carb o n  
tech n iq u es  as  be ing  g r e a te r  th an  40,000 y ears  B .P . (Oaks and Coch, 
1973).
The pebble  mud f a c ie s  i s  made up o f two d i s t i n c t l y  d i f f e r e n t  
mud la y e r s  ( th e  upper mud and low er mud). The upper mud la y e r
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c o n s is ts  o f a  dense o rg an ic  r ic h  c la y  w ith  0-5 p e rc en t g ra v e l.
T his la y e r  o v e r l ie s  th e  low er mud a long  a sharp  c o n ta c t w ith  up to  
0.15 m eters  o f r e l i e f  which i s  in te rp re te d  a s  e ro s io n a l (Appendix 
A, P la te  5 ) . The low er mud la y e r  i s  a gray to  brown m o ttled  sandy 
c la y  w ith  abundant o rg an ic  m a te r ia l  and 0-10 p e rc en t peb b les  in  
p la c e s . This low er mud i s  conform able w ith  K em psville sands o ver 
p a r t  o f  th e  H ickory Scarp .
West o f th e  H ickory Scarp to  th e  base  o f th e  S u ffo lk  Scarp , 
t h i s  low er miud conform ably b u t sh a rp ly  o v e r l ie s  sedim ents s im i la r  
to  th e  leach ed  f o s s i l i f e r o u s  sand f a c ie s  o r  th e  f o s s i l i f e r o u s  sand 
f a c ie s .  Evidence fo r  t h i s  in te r p r e ta t io n  i s  th e  la c k  o f  a p p a ren t 
l a t e r a l  b reaks in  th e se  u n i t s  and th e  occurrence  o f a  v e ry  s im ila r  
l i th o lo g y  and fauna d i r e c t ly  beneath  t h i s  low er mud from th e  H ickory 
Scarp to  th e  base o f th e  S u ffo lk  S carp . A lso , b each -type  d e p o s its  
occur a t  th e  base  o f  th e  S u ffo lk  Scarp (e le v a tio n  7 .6  m eters  o r 
25 f t ,  Johnson, p e rso n a l com m unication). The upper mud la y e r  has 
n o t been recogn ized  w est o f  th e  H ickory Scarp b u t i s  mapped e a s t  
o f th e  Scarp f o r  more than  th re e  k ilo m e te rs . Because Oaks and 
Coch (1973) d id  n o t reco g n ize  two mud la y e r s ,  th e  mud they  ra d io ­
carbon dated  could  be from e i th e r  la y e r .  However, th e  low er mud, 
based on s t r a t ig r a p h ic  p o s i t io n ,  must be a t  l e a s t  g r e a te r  than
40,000 y e a rs  B .P. and i s  d esig n a ted  a s  th e  re g re s s iv e  member o f th e  
H ickory Scarp sequence. The g e n es is  of th e  upper mud cou ld  be 
lin k e d  to  a  l a t e r  tra n s g re s s io n .
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Model For H ickory Scarp D ep o sitio n
The model f o r  o r ig in  and developm ent o f  th e  H ickory Scarp 
b a r r i e r  is la n d  complex a s  proposed  by Oaks and Coch (1973), c a l le d  
f o r  m u ltip le  t ra n s g re s s io n s  and re g re s s io n s  o f th e  se a . The f in d ­
in g s  o f t h i s  s tu d y  in d ic a te  th a t  th e  p o s t-G re a t B ridge Form ations in  
th e  H ickory Scarp a re a  w ere formed by a s in g le  tra n s g re s s  iv e -  
r e g re s s iv e  c y c le . This in c lu d e s  th e  N orfo lk  Form ation (Qn8), 
K em psville Form ation (Qk), and Sand B ridge Form ation (mud member). 
Because th e  Londonbridge Form ation was co n sid e red  by Oaks and Coch 
(1973) a s  d e p o s ite d  d u rin g  th e  same cy c le  a s  th e  younger Sand B ridge 
Form ation, th e  Londonbridge Form ation should  a ls o  be r e in te r p r e te d  
a s  p a r t  o f a  s in g le  c y c le  w ith  th e  o ld e r  u n i t s  (Qn8 and Qk).
B a r r ie r  developm ent and m ig ra tio n  mechanisms have been d iscu ssed  
in  g re a t  d e t a i l  by numerous a u th o rs .  S w ift (1968), in  p a r t i c u l a r ,  
g iv e s  an e x c e l le n t  rev iew  and d is c u s s io n  o f th e  to p ic .  There a re  
two b a s ic  b u t d i f f e r e n t  h y po theses fo r  th e  g e n es is  o f  a  t r a n s g r e s -  
s iv e  b a r r i e r  i s la n d  system  and th e  p re s e rv a tio n  p o te n t ia l  o f th e  
a s s o c ia te d  lag o o n a l sed im en ts . A ccording to  Shepard (1960), th e se  
two p ro c e sses  a re  com plim entary r a th e r  than  m u tu a lly  e x c lu s iv e .
The "sh o re fac e  r e t r e a t "  mechanism, o r ig in a l ly  d esc rib ed  by 
Johnson (1919) and l a t e r  r e f in e d  by Sw ift (1968), e x p la in s  con tinuous 
landw ard b a r r i e r  is la n d  m ig ra tio n  in  response  to  r i s in g  sea  l e v e l s .  
The landw ard m ig ra tin g  b a r r i e r  i s la n d  i s  fo llow ed by th e  s u r f  zone, 
which d e s tro y s  th e  u n d e rly in g  b a c k b a r r ie r  sedim ents along w ith  th e
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o th e r  beach d e p o s i ts .  The p ro b ab le  mechanism re sp o n s ib le  fo r  th e  
H ickory Scarp b a r r i e r  is la n d  developm ent d u rin g  th e  e a r l i e s t  
W isconsinan tim e i s  th e  concep t o r ig in a l ly  d e sc rib ed  by G ilb e r t  
(1885) a s  " s te p -w ise  r e t r e a t "  and was l a t e r  re f in e d  by Saunders 
and Kumar (1975) and by Rampino (1980). As th e  sea  tra n s g re s s e s  th e  
b a r r i e r  p ro g rad es  upwards a s  long  a s  th e  sedim ent supp ly  keeps pace 
w ith  sea  l e v e l  (F ig u re  17, T ^ ). The s ta t io n a r y  b a r r i e r  i s  g ra d u a lly  
overtopped by th e  b re a k e r zone and la r g e ly  d estro y ed  u n le s s  th e  sea  
le v e l  drowns i t  below th e  wave b ase  beforehand  (F igure  17, T ^ ).
The r id g e  and sw ale topography on th e  l a t e  P liocene  Yorktown 
Form ation o f th e  o u te r  c o a s ta l  p la in  in  so u th e a s te rn  V irg in ia  o f f e r s  
optimum c o n d itio n s  f o r  t h i s  type  o f b a r r i e r  developm ent to  o p e ra te . 
D uring a  tra n s g re s s io n  a f t e r  a  b a r r i e r  i s  drowned, a  new b a r r ie r  
is la n d  o r  m ainland beach i s  e s ta b l is h e d  landw ard of th e  n ex t sw ale 
on th e  landward r id g e  (to p o g rap h ic  h ig h , F ig u re  17, T ^ ). A fte r  th e  
p rev io u s b a r r i e r  p o s i t io n  has been drowned, i t s  a s s o c ia te d  lagoon o r 
bay i s  opened to  th e  ocean and becomes an open bay o r  s h e l f  en v iro n ­
ment (F ig u re  17 , T ^ ). Evidence th a t  t h i s  g e n e ric  sequence occu rred  
d u rin g  N orfo lk  and K em psville tim e in  th e  H ickory Scarp a re a  in c lu d e  
th e  fo llo w in g : 1) th e  e x te n s iv e  p re s e rv a tio n  o f b a c k -b a rr ie r  o r
r e s t r i c t e d  bay sed im en ts , 2) th e  t r a n s i t i o n  o f  d e p o s it io n a l en v iro n ­
m ents from a r e s t r i c t e d  b a c k -b a r r ie r  d e p o s it to  an open bay d e p o s it 
th rough  tim e, 3) d u n e - lik e  sand d e p o s its  found a t  th e  5 .4 -7 .1  m eter 
(18-24 f t )  e le v a tio n  to  th e  w est o f th e  Scarp , 4) th e  p re s e rv a tio n  
o f a  com plete and con tinuous t r a n s g re s s iv e  sequence th a t  i s  o v e r la in
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Figure 17. Proposed Model fo r  th e  Development and M igration 
o f th e  Hickory Scarp B a rr ie r  Is lan d
37
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
by a  conform able beach to  m arsh sequence, 5) th e  e x is te n c e  o f a 
t i d a l  i n l e t  a t  th e  p re s e n t p o s i t io n  o f th e  E ast Branch o f  th e  
E liz a b e th  R iver a s  evidenced by th ic k e n in g  re g re s s iv e  m arsh mud in  
th i s  lo c a t io n , 6) n earsh o re  ty p e  d e p o s its  im m ediately (w ith in  3 km) 
e a s t  o f  th e  H ickory Scarp , i . e .  storm  g ra v e l ,  open m arine fauna and 
sed im entary  s t r u c tu r e s  and te x tu r e s ,  and 7) g ra d a tio n a l c o n ta c ts  
between o ffsh o re  and sh o re fac e  sedim ents and an ab ru p t c o n ta c t 
between o u tly in g  lagoonal/m arsh  sedim ents which i s  expected  in  a  
p ro g rad io n a l b a r r i e r  is la n d  (D ickinson, e t  a l .  1971).
Curry (1964) found v e ry  s im i la r  submerged i n t a c t  b a r r i e r  
complexes on th e  Gulf s h e l f .  He concluded, as  d id  Shepard (1960), 
th a t  du ring  a tra n s g re s s io n a l  b a r r i e r s  grow upward u n t i l  t h e i r  
expanding lagoons a re  i n f i l l e d  w ith  r iv e r -d e r iv e d  sedim ent and the  
b a r r i e r  i s  overlapped  by th e se  lag o o n al sed im en ts . T his a llow s 
th e  lagoons to  become open bays o r  sounds. Thus w ith  th e  sequence 
o f  e v e n ts , th e  b a c k -b a r r ie r  environm ent e v e n tu a lly  becomes open 
m arine w ith o u t an in te rv e n in g  beach b a r r i e r .
The post-Great Bridge Hickory Scarp sediments are believed to 
have evolved in much this same manner except that the lagoon had 
insufficient time to completely infill. Initially, a barrier island 
developed somewhere east of the Hickory Scarp and the associated 
lagoon enlarged with the rising sea level until this barrier could 
no longer keep pace. When it attempted to migrate landward, the 
swale topography behind the barrier was too deep and the barrier
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was drowned. The r e s u l t  in  th e  H ickory Scarp a re a  was a  change from 
p ro te c te d  bay and e s tu a r in e  to  open bay d e p o s i ts .  This occu rred  
d u rin g  e a r ly  K em psville tim e (leach ed  f o s s i l i f e r o u s  sand f a c i e s ) .
The TngyiTTHHii tra n s g re s s io n  fo llow ed  perhaps r e s u l t in g  in  m ainland 
beach d e p o s its  a t  7 .6  m eters  (25 f t )  e le v a tio n  a long  th e  S u ffo lk  
and Big B eth e l Scarps (Johnson, 1976). S h o r tly  th e r e a f te r  th e  
H ickory Scarp b a r r i e r  beach (u n f o s s i l i f e ro u s  sand f a c ie s )  developed 
a s  sea  l e v e l  dropped to  about 4 .9  m e te rs  (16 f t ) .  S l ig h t  p rograda­
t io n  o ccu rred  a s  sea  le v e l  ro s e  to  abou t 5 .5  m ete rs  (18 f t )  a s  
evidenced by th e  v e r t i c a l  e x te n t  o f  th e  w esternm ost beach lam inae 
and beach d e p o s its  in  th e  H ickory Scarp (Gomez and Land F i l l  sand 
p i t s ) .  As sea  le v e l  ag a in  dropped w ith  s e v e ra l  f lu c tu a t io n s ,  th e  
low er e le v a tio n  (4 m eters  o r  13 f t )  beach lam inae to  th e  e a s t  a s  in  
th e  C ity  L ine and T idew ater Sand Company sand p i t s  were d e p o s ite d .
I f  t h i s  b a r r i e r  is la n d  beach had m ig ra ted  landw ard d u rin g  th e  t r a n s ­
g re s s io n , th e  easte rn m o st beach would have been eroded by th e  
sh o re fa c e . F urtherm ore , th e  abundant g ra v e l p re s e n t th roughou t th e  
u n f o s s i l i f e r o u s  sand f a c ie s  (beach) would have been reworked by a 
t ra n s g re s s in g  beach face  and d e p o sited  in  a  g ra v e l la g , sh o re face  
fo re sh o re  and backshore  d e p o s i ts ,  (S w ift, 1968) which i s  n o t th e  
c a se . In s te a d  th e se  a re  p re se rv ed  in  a  th in  ( l e s s  than  1-2  cm) 
d isco n tin u o u s  b la n k e t fo r  approx im ate ly  1 to  1 .5  k ilo m e te rs  a c ro ss  
th e  Scarp .
The pebb le  mud f a c ie s  was d e p o sited  a s  a m arsh behind  t h i s  
re g re s s iv e  beach e s p e c ia l ly  d u rin g  tim es of m inor sea  le v e l  r i s e  
and upward p ro g rad a tio n  o f th e  beach d e p o s i ts .  Thus th e  m arsh
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probab ly  re p re s e n ts  a  minor o s c i l l a t i o n  in  th e  same t r a n s g re s s iv e  
ev en t th a t  formed th e  p o s t-G re a t B rid g e , H ickory Scarp sequence.
A nother l i n e  o f  ev idence  in  su p p o rt of th e  above co n c lu sio n  
i s  sea  l e v e l  curve d a ta  (C ronin e t  a l .  1982, Beard e t  a l .  1982,
F ig u re  1 8 ). A lthough s l i g h t  d isag reem en ts  e x i s t  on th e  p re c is e  
tim in g  o f sea  le v e l  r i s e  and f a l l ,  a l l  o f th e  curves ag ree  th a t  
sea  le v e l  had reached  a  minimum somewhere between 73,000 and 92,000 
y e a rs  B .P. ( e a r l i e s t  W isconsinan). A f te r  peak g la c ia t io n ,  sea  
l e v e l  ro se  and rem ained a t  a  maximum u n t i l  abou t 78,000 y e a rs  B .P. 
(C ron in , 1972). Beard e t  a l .  (1982) show h igh  sea  le v e l  u n t i l  
abou t 90,000 y e a rs  B .P . T his sea  l e v e l  curve i s  f o r  th e  Gulf of 
Mexico reg io n  which has much g re a te r  subsidence  r a te s  and may o r 
may n o t r e f l e c t  g la c io - e u s ta t i c  sea  l e v e l  changes a s  th ey  occurred  
in  th e  r e l a t i v e ly  s ta b le  study  a re a . These d if fe re n c e s  in  th e  
tim in g  o f sea  le v e l  ev en ts  a s  r e f le c te d  in  th e  s t r a t ig ra p h y  a re  
p robab ly  due to  inhom ogen ities in  th e  lo c a l  le v e l  o f n e o tec to n ic  
movement, in  sed im en ta tio n  r a t e s ,  and th e  la c k  o f a c c u ra te  sho re­
l i n e  in d ic a to r s  a n d /o r p a le o n to lo g ic  ev idence (C ronin , 1982).
The approxim ate tim ing  o f th e se  p u b lish ed  sea  le v e l  curves 
ag re e  w ith  r e s u l t s  o f t h i s  s tu d y . T h e re fo re , th e  d e p o s it io n  o f th e  
N o rfo lk  and K em psville F orm ations, a s  d e fin ed  by Oaks and Coch (1973), 
most l i k e l y  correspond  to  th e  i n i t i a t i o n  o f th e  e a r l i e s t  W isconsinan 
tr a n s g re s s io n  and th a t  th e  o v e rly in g  Sand B ridge and p o s s ib ly  th e
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F ig u re  18. Sea L evel Curve fo r  P a s t 150,000 Y ears 
Adapted from C ronin (1982)
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d e p o s it  i s  th in n e s t  over th e  h ig h e s t p a r t  o f  th e  Scarp w ith  i n t e r ­
bedding of sand and mud re p re se n tin g  f lu c tu a t io n s  in  th e  env iron­
ment (Appendix A, P la te  6 ) . The H ickory Scarp i s  th e  most landward 
p rese rv ed  b a r r i e r  th a t  r e s u l te d  from th e  early -W isconsinan  
tr a n s g re s s io n .
P le is to c e n e  Chronology, P a leo c lim ate  
and Sea L evel F lu c tu a tio n s
Based on uranium  s e r ie s  d a te s  taken  on in  s i t u  c o ra ls  by 
Oaks and Coch (1973), Oaks e t  a l .  (1974), C ronin e t  a l .  (1980) and 
more r e c e n tly  a d d i t io n a l  a n a ly s is  by Cronin (p e rso n a l com m unication), 
th e  age o f th e  unleached  f o s s i l i f e r o u s  sand f a c ie s  i s  approx im ately
72,000 B .P. (±5,000 y r s ) . Radiocarbon d a te s  tak en  from u n sp e c if ie d  
lo c a t io n s  in  th e  Sand B ridge (pebble mud f a c ie s )  in d ic a te  an age 
o f g re a te r  than  40,000 y e a rs  B .P. ( th e  maximum age fo r  th e se  
a n a ly s e s ) .
D e ta ile d  exam ination  o f v ib ra c o re s  (1 to  2 km e a s t  o f the  
H ickory S c a rp )fo r  l i th o lo g ic  su ccess io n  and m ic ro fo s s i ls  rev ea led  
no e ro s io n  17 f e e t  below th e  su rfa c e  which i s  s t r a t ig r a p h ic a l ly  
below th e  p o s i t io n  Oaks and Coch (1973) p laced  th e  "younger • 
on lapping" Londonbridge Form ation, to  th e  o v e rly in g , re g re s s iv e  
pebble  mud f a c ie s  in  t h i s  a re a . I f  th e  Londonbridge i s  conform able 
w ith  th e  pebble  mud f a c ie s  ( th e  Sand B ridge Form ation o f Oaks, 1965) 
one to  two k ilo m e te rs  e a s t  o f th e  H ickory Scarp , a s  i t  i s  w ith  the  
K em psville Form ation in  th e  H ickory Scarp , th en  th e  Londonbridge
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Londonbridge Form ations were d e p o sited  during  th e  c o o le r  r e g re s s iv e  
phases o f t h i s  g la c io - e u s ta t ic  ev en t.
Cronin (p e rso n a l communication) has documented t h i s  t r a n s -  
g re s s iv e /re g re s s iv e  even t u s in g  o s traco d es  from a  s im ila r  sequence 
in  N orth  C aro lin a . The co o lin g  even t was da ted  by uranium s e r i e s  
methods u s in g  in  s i t u  c o ra ls  a t  about 72,000 y e a rs  B .P . The 
tim ing of t h i s  event i s  a lso  supported  by p re lim in a ry  p o lle n  d a ta  
from th e  Gomez sand p i t  which in d ic a te s  a  r e l a t i v e l y  sudden s h i f t  
in  v e g e ta tio n  from warm tem perate  to  coo l tem pera tu re  (Tom Ager, 
p e rso n n al com m unication). C onfirm ation  o f th e  p re c is e  p a leo ­
c lim a te  w i l l  re q u ire  more r ig o ro u s  a n a ly s is  o f sedim ents and th e  
co n ta in ed  fau n a l assem blege e a s t  o f th e  H ickory Scarp .
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CONCLUSIONS
Based on d a ta  developed In  t h i s  s tu d y , th e  p re v io u s ly  mapped 
N o rfo lk , K em psville , Sand B ridge  and p o s s ib ly  th e  Londonbridge 
fo rm atio n s  r e p re s e n t  f a c ie s  o f  a  s in g le  t r a n s g re s s iv e /r e g re s s iv e  
cy c le  and n o t th r e e  c y c le s  a s  p re v io u s ly  in te r p r e te d .  The tim ing  o f 
t h i s  t r a n s g re s s iv e  ev en t co rresp o n d s w ith  th e  e a r l i e s t  W isconsinan 
tra n s g re s s io n  and r e g re s s io n .  These r e s u l t s  in d ic a te  th a t  th e  
K em psville Form ation and p a r t  o f th e  Sand B ridge Form ation should 
be reduced  to  member s ta tu s  o r  dropped e n t i r e ly  s in c e  th ey  a re  f a c ie s  
o f th e  N orfo lk  Form ation which was formed du rin g  t h i s  t r a n s g re s s iv e /  
re g re s s iv e  c y c le .
The ca rb o n a te  leached  and d ia g e n e t ic a l ly  a l t e r e d  c o a s ta l  p la in  
sedim ents a r e  complex. B e t te r  exposures and deeper sand p i t s  than  
were p re v io u s ly  a v a i la b le  have allow ed d i r e c t  o b se rv a tio n  o f s e d i­
m entary s t r u c tu r e s ,  m acrofauna, com paction and th e  n a tu re  o f c o n ta c t 
between th e se  u n i t s .  T h is h as  made p o s s ib le  th e  s e le c t io n  and 
a p p l ic a t io n  o f  a d d i t io n a l  c r i t e r i a  which i s  u s e fu l  in  d is t in g u is h in g  
leach ed  b o u n d aries  from  e ro s io n a l  u n co n fo rm itie s . These c r i t e r i a  
a re :  1) redd ish -b row n iro n  o x id e  p r e c ip i t a t e  a long  th e  c o n ta c t ,
2) ch iten o u s  h inge  ligam en t co v ers  o f M. m ercenaria  above th e  c o n ta c t 
and e n t i r e  s h e l l s  below , 3) i s la n d s  o f  unleached s h e l l s  w ith in  th e  
leach ed  p o r t io n s  o f th e  upper u n i t ,  4) bedding p la n es  th a t  cu t 
a c ro ss  th e  c o n ta c t ,  5) id e n t i c a l  sed im entary  s t r u c tu r e s  above and 
below th e  c o n ta c t ,  7) a  com plete tra n s g re s s iv e  and r e g re s s iv e
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sequence beg inn ing  w ith  a  t r a n s g re s s iv e  e s tu a r in e  lagoonal f a c ie s  
and ending w ith  a  r e g re s s iv e  o f f - la p p in g  beach and m arsh m u d -f la t 
f a c i e s .
The "s tep w ise  r e t r e a t "  model o f b a r r i e r  is la n d  m ig ra tio n  
o rg in a l ly  d e sc rib e d  by G ilb e r t  (1885) and l a t e r  re f in e d  by Sanders 
and Kumar (1975) and Rampino and Sanders (1980) most a c c u ra te ly  
d e p ic ts  th e  mechanism invo lved  in  th e  H ickory Scarp b a r r i e r  is la n d  
developm ent d u rin g  e a r ly  W isconsinan tim e . T his su g g ests  a  ra p id  
sea  l e v e l  r i s e  a n d /o r an in s u f f i c i e n t  sedim ent supply  to  th e  b a r r ie r  
is la n d  f o r  i t  to  keep pace w ith  th e  r i s in g  s e a . The re g re s s iv e  
phase i s  marked by m inor f lu c tu a t io n s ,  which a llow  b a c k -b a rr ie r  
m arshes to  p rog rade  o ver th e  b a r r i e r  is la n d s  a s  th ey  them selves 
p rog rade  s h o r t  d is ta n c e s  o r  a re  s ta rv e d  f o r  sand due to  a  new 
b a r r i e r  developm ent seaw ard.
The most commonly p re se rv ed  c h a r a c te r i s t i c s  o f t h i s  type  o f 
b a y /b a r r ie r  i s la n d  sequence a re  l i s t e d  in  Table 2.
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FIELD EQUIPMENT AND LITHOLOGY
Plate 1
P la te  2 
P la te  3
P la te  4 
P la te  5
P la te  6
P la te  7 
P la te  8
S p lit-sp o o n  sam pler ( d r i l l i n g  r ig )  owned by H erbert and 
A sso c ia te s , V irg in ia  Beach, V irg in ia
V ibracorer
Hand augers
Pan c o re r
C ontact in  d ra in ag e  d i tc h  between pebble  mud and 
u n fo s s i l i f e ro u s  sand f a c ie s .  One k ilo m e te r e a s t  o f 
th e  H ickory Scarp . View to  N orth . C ontact i s  ab ru p t 
a long a  zone o f about 3 cm. C ross s e c tio n  o f  burrow 
ex tend ing  in to  u n fo s s i l i f e r o u s  sand f a c ie s .  Exposure 
in  d ra in ag e  d i tc h  fo r  housing developm ent, 0 .6  k ilo m e te rs  
sou th  o f Mears Corner a long  C e n te rv i l le  tu rn p ik e  to  
en tra n ce . Lat 36° 46* 40" N; Long 76° 10* 10" W. S cale  
i s  k n ife  b u t t ,  0 .75 cem tim eters . A lt i tu d e  0 .3  m eters 
(1 .0  f t )  ASL.
Channels c u t in to  th e  pebble  mud f a c ie s  n ea r th e  c r e s t  
of th e  H ickory Scarp. P a r t i a l l y  leached  s h e l l s  a long 
base  o f channel. Mud f i l l e d  s h e l l  g h osts  extend from 
pebble mud f a c ie s  down in to  u n fo s s i l i f e ro u s  sand f a c ie s .  
Exposure in  c i t y  u t i l i t i e s  d i tc h ,  0 .3  k ilo m e te rs  e a s t  
o f  in te r s e c t io n  o f P rovidence Road and K em psville Road. 
Lat 36° 4 8 ' 30" N, Long 76° 10’ 01" W. S ca le  i s  shovel 
han d le , 35 c e n tim e te rs . A lt i tu d e  i s  6 .7  m eters  (22 - f t )  
ASL. Arrow a t  base  o f chan n e l.
C lose-up o f th e  pebble  mud f a c ie s  showing in te r f in g e r in g  
w ith  th e  u n fo s s i l i f e ro u s  sand f a c ie s  along  c r e s t  o f 
H ickory Scarp . Same lo c a t io n  and e le v a tio n  a s  P la te  6. 
S cale  in  in ch es .
U n fo s s il ife ro u s  and leached  f o s s i l i f e r o u s  sand f a c ie s  o f 
th e  K em psville Form ation. P a r a l l e l  lam inae o f  backshore 
o r ig in  o v e rly in g  g h o sts  o f M. m ercenaria  in  leached 
f o s s i l i f e r o u s  sand f a c ie s .  Exposure on southw est w a ll 
o f Gomez sand p i t ,  view to  n o r th , 0 .27 k ilo m e te rs  n o r th  
o f Mears Corner a long  C e n te rv i l le  tu rn p ik e . L at 
36 47 ' 05" N, Long 76° 11* 45" W. Scale  i s  shovel 
han d le , 35 c e n tim e te rs . A lt i tu d e  o f  shovel head i s  5 .2  
m eters (17 f t )  ASL.
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P la te  9 P a r a l l e l  beach lam inae in  th e  u n f o s s i l i f e ro u s  sand f a c ie s  
d i r e c t l y  u n d e rly in g  pebb le  mud f a c ie s .  Base o f r u l e r  
i s  a t  c o n ta c t w ith  s e t s  o f  sm all s c a le  r ip p l e  c ro s s ­
bedding o f b ack sh o re /fo re sh o re  ? o r ig in .  Exposure on 
n o r th  w a ll o f  Gomez sand p i t ,  top  o f  r u l e r  i s  5 .2  
m e te rs  (17 f t )  ASL. S ca le  i s  in  c e n tim e te rs .
P la te  10 G hosts o f  M. m ercenaria  on th e  so u th  w a ll o f th e  Gomez 
sand p i t  in  th e  leached  f o s s i l i f e r o u s  sand f a c ie s .
Shovel i s  a t  c o n ta c t between leached  f o s s i l i f e r o u s  sand 
f a c ie s  and f o s s i l i f e r o u s  sand f a c ie s .  Exposure on 
southw est w a ll  o f  Gomez sand p i t ,  shovel head i s  1 .2  
m ete rs  (4 f t )  ASL. S cale  i s  sh o v el handle* 35 cen tim ete rs*
P la te  11 Burrows in  th e  leached  f o s s i l i f e r o u s  sand f a c ie s  on th e  
n o r th  w a ll o f th e  Gomez sand p i t .  Dense c o n c e n tra tio n s  
o f  c a lc a re o u s  worm tu b es  b eg in  a t  c o n ta c t  between leached  
f o s s i l i f e r o u s  sand f a c ie s  and and f o s s i l i f e r o u s  sand 
f a c ie s  ( j u s t  below shovel h a n d le ) . Exposure o f  sou th ­
w est w a ll o f  Gomez sand p i t .  C ontact i s  1 .2  m eters  
(4 f t )  ASL. S ca le  i s  shovel h an d le , 35 c e n tim e te rs .
P la te  12 C ontact between th e  leached  f o s s i l i f e r o u s  sand f a c ie s  
and th e  f o s s i l i f e r o u s  sand f a c ie s  (c o n ta c t betw een Qk 
and Qn) on th e  n o r th  w a ll o f  th e  Gomez sand p i t .  Shovel 
hand le  i s  0 .6  m eters  (2 f t )  ASL. S cale  i s  shovel h a n d le , 
35 c e n tim e te rs .
P la te  13 M ud-lined tro u g h  and r ip p le  crossbedd ing  in  th e  Land F i l l  
sand p i t .  Exposure o f  so u th  w a ll ,  0 .90  k ilo m e te rs  n o r th  
o f  Mears Corner a long  C e n te rv i l le  tu rn p ik e . Mud draped 
r ip p le s  a re  3 .0  m eters  (10 f t )  ASL. Scale  in  c e n tim e te rs .
P la te  14 Closeup o f th e  iro n  oxide boundary (c o n ta c t between Qk 
and Qn) w ith  s h e l l s  p a r t i a l l y  leached  above and whole 
s h e l l s  below th e  c o n ta c t in  th e  Gomez sand p i t ,  exposure 
o f  n o r th  w a ll .  S cale  i s  sh o v el h an d le , 35 c e n tim e te rs .
P la te  15 Small s c a le  crossbedd ing  ( t i d a l  d e p o s its )  o f th e
f o s s i l i f e r o u s  sand f a c ie s  on th e  w est w a ll o f  th e  C ity  
L ine sand p i t .  L o ca tion  i s  1 .13  k ilo m e te rs  sou th  o f 
Mears Corner a long  C e n te rv i l le  tu rn p ik e . L a t 36 4 5 ' 35"
N, Long 76° 1 0 ' 48" W. Shovel hand le  i s - 3 .7  m eters 
(12 f e e t )  below sea  le v e l .  S ca le  i s  shovel han d le ,
35 c e n tim e te rs .
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P la te  16 Large s c a le  c ro ssb ed d in g  ( t i d a l  channel c u t and f i l l
d e p o s its )  o f th e  f o s s i l i f e r o u s  sand f a c ie s  on th e  c e n t r a l  
w a ll o f th e  C ity  L ine sand p i t .  Shovel h and le  i s  -3 .7  
m ete rs  (12 f t )  BSL. S ca le  i s  shovel h a n d le , 35 c e n tim e te rs .
P la te  17 P a r t i a l l y  d r i l l e d  s h e l l s  o f M. m ercen a ria  tak en  from th e  
c e n t r a l  w a ll f o s s i l i f e r o u s  sand f a c ie s  in  th e  Gomez sand 
p i t .  S h e lls  occur i n  s in g le  row s,one s h e l l  th ic k ,  and 
a l t e r n a t e  w ith  dense c o n c e n tra tio n s . Exposure o f  n o r th  
w a ll .  E le v a tio n  o f r u l e r  i s  0 .61  m ete rs  (2 f t )  ASL.
S ca le  lb  in  c e n tim e te rs . Arrow and l i n e  show a re a  o f d r i l l i n g .
P la te  18 The low er b o u ld e r la y e r  o f  th e  b o u ld e r la y e r  f a c ie s  on
th e  so u th  w a ll o f  th e  Gomez sand p i t .  E le v a tio n  o f  th e  
b o u ld e r la y e r  i s  - 5 .2  m e te rs  (17 f t )  BSL. S ca le  i s  
sh ovel h a n d le , 35 c e n tim e te rs .
P la te  19 The upper b o u ld e r la y e r  on th e  n o r th  w a ll o f th e  Gomez 
sand p i t  w ith  in -p la c e  C. v i r g in ic a  above (c o n ta c t 
between b o u ld e r la y e r  f a c ie s  and f o s s i l i f e r o u s  sand 
f a c ie s  (Qgb and Qn). E le v a tio n  o f  b o u ld e r la y e r  i s  -3 .3 5  
(11 f t )  BSL. S ca le  i s  shovel h a n d le , 35 c e n tim e te rs .
P la te  -20 In -p la c e  t r e e  stumps in  th e  T idew ater Sand Company sand
p i t  o v e rly in g  th e  low er b o u ld er la y e r .  Exposure i s  in  
w est end o f p i t ,  0 .69  k ilo m e te rs  n o r th  o f  B u tts ,  V irg in ia , 
a long  K em psville Road. Lat 36° 44’ 30" N, Long 76° 12 ' 11"
N. T ree stumps occur a t  - 7 .2  m e te rs  (23 .5  f t )  BSL. S ca le  
i s  p ic k  h a n d le , 39 c e n tim e te rs .
P la te  21 A lte rn a tin g  s e t s  o f  p a r a l l e l  lam inae , p eb b les  le n s e s ,
h ig h  an g le  c ro ssb ed d in g , and in te r m i t ta n t  s e t s  o f  sm all 
s c a le  r ip p l e  c ro ssb ed d in g . Exposure oh so u th  w a ll o f 
New L ig h t sand p i t ,  0 .71  k ilo m e te rs  w est o f  in te r s e c t io n  
o f In d ia n  R iver Road and K em psville Road. L at 36° 47* 49"
N, Long 76° 10’ 48" W. P e n c il p o in t  i s  2 .7  m eters  (9 f t )
ASL. C ourtesy  D.A. Darby.
P la te  22 Overview o f  back sh o re , fo re s h o re , sh o re fac e  d e p o s its  on
so u th  w a ll o f  New L ig h t sand p i t .  A pproxim ately 4 .6  m e te rs  
(15 f t )  o f  s e c t io n  exposed. C ourtesy  D.A. Darby.
P la te  23 Large s c a le  p la n a r  and ta n g e n t ia l  c ro ssbedd ing  ( t i d a l
i n l e t  c u t and f i l l  d e p o s its )  a long  th e  so u th  w a ll o f  th e  
New L ig h t sand p i t .  About 8 .5  m e te rs  (28 f t )  o f  s e c t io n  
exposed. Base o f  o v e rly in g  mud i s  2 .7  m ete rs  (9 f t )
ASL, b ase  o f  s e c t io n  i s  -6 .7  m e te rs  (22 f t )  BSL.
C ourtesy  D.A. Darby.
P la te  24 A lte rn a tin g  l i g h t  and d ark  p a r a l l e l  lam inae w ith  s h e l l
g h o s ts  in  convex up and l iv in g  p o s i t io n s  ( t i d a l  d e l t a  
d e p o s its ? )  on th e  e a s t  w a ll o f th e  Land F i l l  sand p i t .
P e n c il  i s  - 0 .6  m ete rs  (2 f t )  BSL.
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APPENDIX B
REPRESENTATIVE VERTICAL TRENDS IN SEDIMENTARY TEXTURES WITH DEPTH 
IN MEASURED SECTIONS TAKEN FROM SAND PITS 
ALONG THE HICKORY SCARP
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APPENDIX C
ROSE DIAGRAM OF FLOW DIRECTIONS TAKEN FROM 
PRIMARY SEDIMENTARY STRUCTURES IN 
SAND PITS WITHIN HICKORY SCARP
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C ity  Line P it
t o  22 f e e t
N = 27
22 t o  30 f e e l  
M = 14
Rose Diagram of Flow Data 
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Gomez Sand P it
0 to 9 fee t  
N = 15
9 to 25 fee t  
K = 16
Rose Diagram of Flow Data
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New L ig h t Sand P it
0 to 15 fee t  
N = 6
15 to 40 fee t 
N = 8
Rose Diagram o f Flow Data
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Land F i l l  Sand P it
0 to 15 fe e t  
N = 8
Rose Diagram of Flow Data
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APPENDIX D
DESCRIPTION OF GENERALIZED STRATIGRAPHIC 
SECTION OF THE HICKORY SCARP
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Description o f a Generalized S tratigraphic  
Section o f the Hickory Scarp
0 - 3 '  Sandy mottled clay w ith  rounded pebbles up to 3cm, Waddell
roundness o f 0.424 + 1 1 5  flo a tin g  in a gray and yellow mud 
m atrix (N-6 to 5Y8/4 to 5YR5/2; abundant p lant debris, 
possibly sp artin a ; rare  lenses o f sorted, very coarse sand; 
discontinuous wavy lam inations, ghosts o f burrowing pe le - 
cypods and burrows found throughout; thickness o f un it varies  
from 15cm d ire c tly  over the Hickory Scarp to 3 .4  meters 
(11 f t )  w ith in  2 Km east and west o f the Scarp cres t. The 
lower boundary varies from tran s itio n a l in places d ire c tly  
over the Hickory Scarp and fo r  more than 3 Km to the east and 
west o f the Scarp c res t, to abrupt elsewhere, especia lly  on 
the landward slopes o f the scarp. The Sand Bridge Formation 
is  considered equivalent to the Pebble Mud Facies in th is  
rep o rt.
3 - 2 4 '  Very fin e  to coarse, white to tan (5Y8/4) crossbedded or
p a ra lle l laminated, sands (Mz 0.5 to 2 .6  0) with minor amounts 
o f f in e  gravel and pebbles having Waddell roundness of 0.626 
+ .185; sand is well sorted (0 .4  0 ) ,  subrounded to sub- 
angular quartz (occasional blue) with 1% opaque minerals (mostly 
ilm e n ite ), 1% fin e  rounded mica (muscovite) which is subangular 
in the lower h a lf o f th is  u n it; lo c a lly  abundant yellow to 
red-brown iron stain ing and liesegang rings or irre g u la r
D-l
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3 -  24' s ta in in g , some local brown (possibly organic) staining in  
upper 2.4 meters (8 f t ) ,  a sharp hematite boundary near the 
bottom where shells  are present immediately below; occasional 
islands of unleached sands with in ta c t shells and surrounding 
hematite stained contact; small and large scale trough 
r ip p le  and megaripple laminae; horizontal or gently inclined  
laminae (2 -6 °) outlined by opaques in  upper two meters that 
are otherwise massive in appearance; increased mud lenses 
and mud drapes on rip p le  cross laminae to the west of the 
Scarp cres t; local increase in s i l t  w ith in  the lower two 
meters; d isarticu la ted  M. mercenaria as pelecypod ghosts 
oriented p a ra lle l to s t ra t if ic a t io n  and convex side up in 
upper h a lf  o f u n it; discontinuous layers of whole H. mercenaria 
ghosts in  l i f e  position in the lower h a lf , otherwise the 
carbonate shells of M. mercenaria, Busycon canaliculatum,
Mactra solidissima and M. f r a q i l is  or Spisula solidissima  
sim ilus, Ensis d irec tu s , sand d o lla rs , encrusting bryozoan 
(on clams), P. duplicatus, Dinocardium robustum, Astrangia 
ssp, Venus mercenaria, Dental ion and Spirobis (worm 
tubes) are found in a single la y e r, a t approximately 5.5  
meters (18 f t )  depth, which pinches out westard. This 
shell layer and isolated shells as well as a few 
C. v irq in ic ia  are lo c a lly  present throughout the 
lower h a lf o f th is  u n it where i t  has not been leached 
(no hematite layer below ). In some areas only chitenous 
hinge ligament covers o f clams ( Mercenaria) remain in the
D-2
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lower h a lf . Two layers o f M. mercenaria in growth position  
separated by a calcareous worm tube bioherm with a s lig h t  
increase in s i l t  ( 5%) occur near the base o f the u n it in  
places. Rare Ophiomorphia (Callianassa major) burrows in  
lower th ird  o f the u n it; thickness o f un it varies from 
0 .9 -5 .8m (3 to 19 f t ) .  The Kempsville Formation is  considered 
equivalent to the U nfossiliferous Sand Facies and the Leached 
Fossiliferous Sand Facies in th is  report.
24 -  30' S il ty  f in e  to coarse sand (Mz 3.6 to 05 JD) with trough cross­
beds th a t are drapped with a bluish gray (5B5/1) mud laminae. 
The u n it grades in to  the well sorted (0 .5  0) sand above and 
rap id ly  decreases in s i l t  content upward. In places, no 
c lear boundary exists  between th is  u n it and the overlying u n it; 
only where a C.v irq in ica  bed occurs, i . e .  Gomez 
Sand P it )  can a boundary be distinguished. Subangular mica 
and plant debris are more abundant in th is  u n it than above.
The u n it coarsens beneath the 0.3 to 1 meter (1 -3  f t )  th ick  
oyster bed and has abundant Ophiomorphia burrows throughout. 
Small and large scale herringbone crossbeds in sets o f 0.1 to 
0.8  meters respectively  are also common in th is  zone. Several 
t id a l channel cut and f i l l  deposits occasionally contain 
large pieces o f taxodium wood (cyprus) which possibly repre­
sent the remains o f trees that grew during a period o f sub­
a e ria l exposure s im ila r to that represented by vhe lower 
boulder layer. This u n it represents the lower portion o f 
the Fossiliferous Sand Facies (Norfolk Formation) and is  
lo c a lly  unconformable with the underlying Boulder Layer
0-3
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Facies (Great Bridge Formation)
30 -  43' S i l ty  f in e  to coarse (Mz 3 .6  to 0 .5  0) l ig h t  gray to
brown (N-8 to 54R5/2) sand and/or a bluish gray (3B5/1) 
clay (Mz 7 .2  0 ) .  One boulder th ic k , boulder layers occur 
a t  9 .2  meters and a t 11 meters (36 f t ) .  In  the Gomez Sand 
P it  sand occurs above the lower boulder layer w ith sticky  
mud below, while elsewhere w ith in  the same location s i l t y  
sand is  above the boulders and sand is  below. However, the 
boulders are usually separated by medium to coarse (Mz 2 .0  
to 0 .5  0) poorly sorted (1 .5  to 2 .0  0) sands. Both boulder 
layers have a preferred long axis o rien ta tio n  (usually  
biomodal) and possibly a preferred dip d ire c tio n . Usually 
both boulder la y e rs -re s t on a compacted sand surface which 
contrasts w ith loose uncompacted overlying sands. In some 
cases ( i . e .  in the Tidewater Sand Company Sand P it )  the 
lower boulder layer rests upon a hard-pan surface while in  
other cases ( i . e .  in the Gomez Sand P it )  they are flo a tin g  
in a loose sand m atrix in a 0.7 meter th ick  zone. Through­
out the study area the lower boulder layer is  o verla in  by 
tree  stumps in liv in g  position . These stumps are frequently  
encased in  a bluish gray (5B7/1) clay containing abundant 
organic debris and shells  o f C.v irq in ic a , L .ir ro ra ta  and 
M e d u lis . This is  true in the Gomez Sand P it  y e t w ith in  th is  
same p it  stumps are encased, fo r  short distances la te r a l ly  
(up to 50 m eters), in a loosely packed medium (Mz 2 .0  0) 
white to tan (10YR6/2) sand. Recently, deeper hand auger
D-4
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borings in the Gomez Sand P it  (not included on fig u re  8) 
have shown th a t the clays down to 13.1 meters (43 f t )  are 
underlain by greater than 1.8 meters (6 f t )  o f coarse, 
brown (54R5/2) organic r ic h  sands).
This u n it (below 9.2m, 30 f t )  is  the Boulder Layer 
Facies which corresponds to the Great Bridge Formation 
o f Oaks and Coch, (1973).
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APPENDIX E
DESCRIPTIONS OF MEASURED CROSS SECTIONS OF SAND 
PITS ALONG THE HICKORY SCARP
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NEW LIGHT SAND PIT
New Light sand p it  measured sections: 0.71 kilometers west o f the in te r ­
section o f Indian River Road and Kempsville Road, V irg in ia  Beach, V irg in ia . 
Kempsville Quadrangle, U.S. Geological Survey 7.5 minute quadrangle ( la t  
36° 47* 49" N; long 76° 10' 48" W); a l t  + 20 f t .  Supplemental Data 
courtesy o f D.A. Darby.
(Location N. Wall)
0 - 6 '  Sandy c la y , dark brown, with tan s tria tio n s  and m ottling,
pebbles and abundant organic m atter throughout burrows and 
shell ghosts present lo c a lly . (Poorly sorted 0 = 3 .0 -4 .2  0, 
f in e ly  skewed, SK = 0 .29 , Mz 5.6 to 6.7 0) abrupt lower
contact. 50% mud.
6 -  36' Fine to coarse trough crossbedded sands dipping 27° to the
west. (See Rose diagrams fo r specific  flow ch arac te ris tics ) 
Troughs are bounded on upper and lower surfaces by gravel 
lags. In te rm itten t channel cut and f i l l  structures contain­
ing calcarious s e rp ilid  worm tubes and organic m atter.
Mz .470 to 2 .30.
36 -  42' S ilty  sand and clay with abundant M.mercenaria in liv in g
position; highly bioturbated throughout.
S.E. Wall 
Cross Section
0 - 8 '  Sandy c lay , dark brown with tan s tria tio n s  and m ottling.
Pebbles and abundant organic matter throughout. Burrows and 
shell ghosts present lo c a lly . (Poorly sorted 0 = 3 .0  to 4 .2  0, 
f in e ly  skewed 0 .29 , Mz 5 .6  to 6.7 0 .)  Lower contact is grada­
tional to abrupt.
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9 -  12'
12 -  38.5 '
38.5 -  44*
U. Wall 
0 - 6 '
6 - 9 '
9 -  13'
Sand, medium to f in e , tan sand with two to three sets of 
highly tangential crossbeds dipping 8-12° southwest. Unit 
is  replaced to southwest by festooned stacked troughs, small 
scale r ip p le s , shell ghosts and burrows. Troughs are out­
lined with opaque minerals and gravel lags.
Sand -  medium to coarse poorly sorted in large scale planar 
and tangential crossbedding (bedding thickness 2 -1 0 ') .  Mean 
dip d irection  from 7 samples is  S 12° W. Dip amount decreases 
from bottom 35° to top 16°. Laminae a lte rn a te  from medium to  
coarse. (Mz .90 to .4 2 .0 ) .
S il ty  sand and clay w ith abundant M.mercenaria in liv in g  
position , highly bioturbated throughout.
Sandy c lay , dark brown with tan s tr ia tio n s  and m o ttling , pebbles 
and abundant organic matter throughout. Burrows and shell 
ghosts present lo c a lly . (Poorly sorted 0 = 3 .0  to 4 .2 , f in e ly  
skewed .29 , Mz 5 .6  to 6 .7 .)  Abrupt lower contact lo c a lly .
Clay -  very dark brown, massive, with abundant organic matter 
and burrows. Peat f i l l e d  channels are cut in to c lay . This 
sequence is  replaced la te r a l ly  by medium to coarse poorly sorted 
sands with medium scale mud and peat lined trough crossbedding. 
Sand, dark brown to tan poorly sorted with about 20% mud inundated 
with burrows and organic debris. Small scale r ip p le  crossbedding, 
about 2 cm between sets. Locally highly burrowed with shell 
ghosts. Mud lenses, lagoonal muds and sands' pinch out to the 
east, giving way to large scale trough crossbedding.
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LAND FILL SAND PIT
Land F i l l  sand p i t  measured section: 0.90 kilometers north o f Mears Corner
along C en te rv ille  Turnpike, V irg in ia  Beach, V irg in ia ; Kempsville Quadrangle,
U.S. Geological Survey 7 .5  minute quadrangle ( la t  36° 47' 13" N; long 76°
11' 51" W); a l t  20 f t .
0 - 3 '  Sandy c la y , dark brown, with tan s tr ia tin g  and m ottling ,
pebbles and abundant organic matter throughout. Burrows and 
shell ghosts present lo c a lly . (Poorly sorted 0 = 3 .9 , f in e ly
skewed 0 .3 1 , Mz 6 .4 . )  Abrupt to tran s itio n a l basal contact.
3 -  20' Sand, f in e  gray sand. Small scale r ip p le  4-6  fe e t dipping
north and east grading downward into large scale mud draped 
megaripples dipping to the east and south. Mud contains 
abundant organic m atter. Lower surface o f th is  u n it is 
bounded by a 1 to 2 inch th ick  mud layer that is  d istrib u ted  
over the e n tire  p i t .  Mz 2.1 to 2 .4 .
21 -  22* Sand, f in e  s i l t y ,  dark gray, heavily burrowed sand with a shell
hash o f M,mercenaria, E»d irec tu s , cora ls , and worm tubes a t  
the base. This deposit thins to the south.
2 2 - 3 1 '  Sand, leached, f in e  gray, heavily burrowed sand with abundant
shell ghosts. Leached sand gives way to a two fee t th ick
C.v irq in ic a  deposit with abundant M.mercenaria in liv in g
position . (Mz =(Crassostrea re e f)3 .6 2 )
31' Boulder laye r.
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TIDEWATER SAND COMPANY/THRASHER PIT
Tidewater Sand Company sand p i t  measured sections: 0.69 kilometers north
of Butts, V irg in ia  along Kempsville Road, Chesapeake C ity , V irg in ia ;
Kempsville Quadrangle, U.S. Geological S u r v e y  7 .5  minute quadrangle ( la t
36° 44' 30" N; 76° 12' 11" W) a l t  10 f t .  S p lit  cr«oon data courtesy of
Herbert and Associates, V irg in ia  Beach, VA.
(S.W. Corner o f P it )
0 - 2 '  Sandy c la y , dark brown, with tan s tr ia tin g  and m ottling ,
pebbles and abundant organic matter throughout. Burrows and 
shell ghosts present lo c a lly . (Poorly sorted 0 = 3 .9 , f in e ly  
skewed 0 .31 , Mz 6 .4 .)  Abrupt to tran s itio n a l basal contact.
2 -  4 .8 ' Sand -  medium to fin e  clean white sand and with 1% opaques.
Shell ghosts present, d isa rticu la ted  and oriented convex up.
A 3 /4  inch th ick  mud lens a t 3 .5 ' is ripped up in to  overlying  
sand. Highly bioturbated. This layer is ir re g u la r ly  mixed 
w ith a s i l t y  gray f in e  sand a t i ts  base. At four fe e t a wedge 
of f in e  loose medium sand is intertongued with the fin e  com­
pacted s i l t y  sand.
4 .8  -  5 .2 ' Sand and pebbles -  a zone o f coarse sand pebbles (storm deposit).
5 .2  -  25' Sand -  gray, f in e  s i l t y  sand, w ith in te rm itten t mud lenses that
are ripped up in to  sand, highly bioturbated.
Extended w /s p lit  spoon
25 -  28' S i l t ,  dark brown organic rich  s i l t .
28 -  34' S i l t ,  dark gray organic rich  s i l t  with lenses o f f in e  to coarse
sand.
34 -  52' S i l t ,  dark gray s i l t  w ith abundant mica.
E-4
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0 - 2 '
2 -  2 .5 '
2.5 -  5 .5 ’
5 .5 -  33'
33 -  42* 
0 - 2 '
TS 2 ME of TS 1 (on 140’ s tr ik e )
Sandy c lay , dark brown with tan s tr ia tio n s  and m ottling , 
pebbles and abundant organic matter throughout. Burrows and 
shell ghosts present lo c a lly . (Poorly sorted 0 -  3 .0  to 4 .2 , 
f in e ly  skewed .29 , Mz 5.6 to 6 .7 .)  Abrupt lower contact lo c a lly . 
Sand, clean well sorted subangular to subrounded medium to 
f in e  sand with about 1% opaques; pebbles flo a tin g  throughout 
(storm washovers).
Sand, medium to f in e , well sorted sand, with about 1% 
opaques. Heavily oxidized with iron .
Sand, medium to fin e  brown to white sand. Mud layer a t 
8 f t  is  a 3 /4  inch mud that is  drapped over a ripp led  
surface. (Mud drapped r ip p le s ). A = 3-9 inches, h = 1-1/1  
inches. Although no crossbedding structure is  v is ib le , due 
to leaching and diagenetic fac to rs , th is  sand layer from 5.5 
to 18' + contains many lensate mud layers , these are thought 
to be mud drapped rip p les . Also abundant wood debris (s tic k s , 
e t c . ) ,  burrows, and shell ghosts present lo c a lly .
S i l t ,  dark gray s i l t  with a trace o f fin e  sand.
TS 3 (1 /2  m ile east o f TS 1 and TS 2)
(Eastern end o f P it )
Sandy c la y , dark brown with tan s tria tio n s  and m ottling.
Pebbles and abundant organic matter throughout. Burrows and 
shell ghosts present lo c a lly . (Poorly sorted 0 = 3 .0  to 4 .2 , 
f in e ly  skewed 0 .29 , Mz 5.6 to 6 .7 .)  Lower contact is  grada­
tio na l to abrupt, (w ith pebbles, but not throughout)
E-5
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2 -  2 .5 ' 
2 .5  -  22'
22 -  24' 
24 -  35'
35 -  52'
Sand, clean white medium to fin e  sand with about 1% opaques.
(Mz 2.12)
Sand, medium to fin e  sand, some shell ghosts and burrows; 
(apparently th is  layer is  thoroughly leached). (Same sand 
as in TS 1 from 5.5 -  1 8 ') (Mz 1.69 -  2 .9 )
Clay, gray to black, sticky clay with organic debris.
Sand, medium sand with heavy mineral bands throughout. Large 
cypress stumps a t base o f th is  u n it , up to 5' diameter.
Stumps re s t on a hardpan surface, s i l t y  sandy clay with  
boulders along the top. Most o f the boulders are f a i r ly  well 
rounded, however an angular chunk o f g ran ite  3 meters across 
was found in  place. Mz 2.15 -  2.56 S p lit  spoon to 5 2 '.
S i l t ,  gray and s t i f f ,  w ith some fin e  sand. Fine sand disappears 
downward.
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WOMACK PIT
Womack sand p i t  measured sections: 0.878 kilometers north o f Mears Corner
along Kempsville Road, V irg in ia  Beach, V irg in ia ; Kempsville Quadrangle,
U.S. Geological Survey 7 .5  minute quadrangle, ( l a t  36 47' 25" N; long 76 
10' 22" W); a l t  15 f t .  (Data courtesy o f R.S. Spencer)
0 - 5 '  Sandy c la y , dark brown with tan s tria tio n s  and m ottling ,
pebbles and abundant organic matter throughout. Burrows and 
shell ghosts present lo c a lly . Basal contact sharp and 
ir re g u la r .
5 -  9 .5 ' Sand, l ig h t  brown to brown-yellow, fin e  to medium, cross­
bedded sand with lenses and stringers o f peaty clay (probably 
mud dropped r ip p le s );  some s i l t ;  lenses o f granules and 
pebbles near base and scattered lenses throughout; ghosts o f 
S .solidissim a and other pelecypod shells  in upper portion, 
d isa rticu la ted  and oriented convex up.
9 .5 -  11 .5 ' Sand, white to l ig h t  brown-g^ay medium to coarse sand and
granules, becomes coarser downward to coarse sand; granules 
and pebbles; shell m aterial broken and abraided with some whole 
specimens; in s itu  burrowing pelecypods near base; iron oxida­
tion  layers throughout, concentrated near base to give a highly 
ir re g u la r  appearing pseudo-basal contact.
11.5 -  15 .7 ' Sand, white to brown-yellow, fin e  to medium, crossbedded sand
w ith lenses and stringers o f peaty clay (mud draped megaripples) 
iron oxidation layers scattered throughout with a 3 to 6 inch 
zone.
E-7
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n . 5  - 15.7' 
15.7 -  19 .1 '
19.1 - 21.5'
21.5 -  29.0' 
29.0 - 31.8'
31.8 -  35.0'
Sand, white to brown-yellow, f in e  to medium, crossbedded sand 
w ith lenses and stringers  o f peaty clay (mud drapped megarippl 
iron oxidation layers scattered throughout with a 3 to 6 inch 
zone a t  the base giving a pseudo-basal contact; ghosts of 
S. solidissim a and other bivalves present, d isarticu la ted  and 
oriented convex up.
S il ty  sand, l ig h t  gray to blue-gray, fin e  to coarse s i l t y  
sand; crossbedding in upper 2 fe e t but not apparent in 
lower 2 fe e t;  very fo s s ilife ro u s , mostly d isarticu la ted  
shell m aterial in upper 2 fe e t grading downward in to  whole 
shell halves w ith a 6 inch to 1 foot zone o f M.mercenaria in 
liv in g  position near base ( 18 fe e t)  basal contact gradi- 
tio na l to sharp toward the southwest; Ophiomorpha burrows 
lo c a lly .
Sand, gray to blue-gray, f in e  to medium s i l t y  sand and 
serpulid work tubes and encrusting bryozoan, fo ss ilife ro u s  
with in  s itu  gastropods and bivalves.
S i l ty  sand, gray to blue-gray, f in e  to medium s i l t y  sand; 
lo c a lly  fo s s ilife ro u s .
Clayey to s i l t y  sand, dark gray to blue-gray, f in e , clayey 
to s i l t y  sand; fo s s ilife ro u s  with abundant M.mercenaria, most 
fo s s ils  found in  liv in g  position; bottom contact is  grada­
tio na l to irre g u la r .
S il ty  to sandy c lay to fin e  sand, dark gray to brown to 
green brown, s i l t y  to sandy clay with some fin e  sand; 
lo c a lly  fo s s ilife ro u s .
E-8
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C ross-Sections
0 - 6 '  Sandy c lay , dark brown with tan s tria tio n s  and m ottling ,
pebbles and abundant organic matter throughout; burrows and 
shell ghosts present lo c a lly ; basal contact abrupt.
6 - 1 0 '  Sand, f in e  r ip p le , crossbedded brown to white sand with some
small pebbles and th in  to th ick  clay stringers dropping 
r ip p le  troughs. Coarsens downward.
10 -  11 .5 ' Sand, white f in e  and with concentrated pebble zone in upper
one fo o t. Mud drapped, r ip p le  present in lower part of u n it.
11.5 -  15.7' Sand, f in e , gray sand with fo s s il hash .3 to 6 inch iron
stained bed near base; one l i f e  group o f M.mercenaria in liv in g
position a t base; some S .solidissim a are washed in .
15.7 -  17.7 ' S i l ty  sand, gray fin e  sand with in s itu  M.mercenaria and
worm tubes.
17.7 -  23 .0 ' Sand, gray fin e  fo s s ilife ro u s  sand.
23.0 -  23 .2 ' Clayey sand, gray, fin e  clayey sand with t ig h t ly  packed
M,mercenaria in liv in g  position . A th in  zone o f worm tubes,
occurs near the top o f th is  u n it.
Total Depth: 28.2*
Section #2
0 - 5 '  See other description o f upper 5 f t .
5 - 9 '  Sand, f in e , white crossbedded sand with clay stringers and
some pebbles. These are thought to be mud drapped rip p les . 
9 - 1 0 '  Sand, f in e  white sand with a high pebble concentration.
10 -  15' Sand, f in e  white crossbedded sand with iron oxide bases and
clay stringers (iro n  oxide lenses are in the shape of clams
in liv in g  position; probably have been leached o u t). Cross­
beds are thought to be mud drapped rip p les .
E-9
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15 -  15.6' 
15.6 -  19 .8 '
19.8 -  23 .5 '
23.5 -  28 .1 ' 
28.1 -  33 .9 '
33.9 -  36 .9 ' 
Section #3 
0 - 7 '
7 -  9 .6 '
9 .6  -  11.0' 
1 1 . 0  -  1 2 . 6 *
12.6 -  14 .6 '
14.6 -  15 .0 '
15.0 -  19.2 '
19.2 -  21 .2 '
21.2 -  24 .2 '
Iron oxide laye r.
Sand, fin e  grained, gray sand with fo s s ils . Broken up shell 
hash a t base o f th is  u n it.
Sand, fin e  gray sand with M.mercenaria and S .solidissim a in 
place. Many encrusting bryozoans and worm tubes also.
Sand, fin e  gray sand with fo s s ils .
Sand, dark gray fin e  sand with abundant fo s s ils . M.mercenaria
beds jn_ s itu .
Clay to clayey sand, dark gray clay to clayey sand.
Sandy c lay , dark brown, with tan s tr ia tio n s  and m o ttlin g , 
pebbles and abundant organic m atter throughout burrows and 
shell ghosts present lo c a lly . (Poorly sorted 0 = 3 .0 /4 .2 ,
f in e ly  skewed, SK = 0 .29 , Mz 5.6 to 6 .7 ) abrupt lower
contact. 50% mud.
Sand, w hite, crossbedded, fin e  sand with stringers o f peaty 
clay (mud drapped rip p les ) and some pebbles.
Sand, w hite, f-n e  sand with pebbles.
Sand, white f in e  sand with pebbles and stringers of peaty clay  
(mud drapped r ip p le s ).
Sand, white fin e  sand and pebbles.
Iron oxide layer occurring on a th ick fo s s il hash (Qhk/Qn 
contact?).
Sand, blue gray f in e , crossbedded sand with fo s s ils . (This
section is  missing in some p laces.)
Sand, gray, f in e  sand with abundant broken in fo s s il hash.
Sand, gray s i l t y  sand with worm tubes in place M.mercenaria
and d isa rticu la ted  S.so lid iss im a.
E—10
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24.2 -  33.3* 
Cross Section 
0 - 6 *
i  -  7'
7 -  11* 
11 -  16' 
16 -  20'
20 -  21.4 '
21.4 -  27.4*
27.4 -  32 .0 '
32 -  35'
35.0 -  37 .0 '
37.0 -  41 .5 '
41.5 -  50 .5 '
Sand, gray f in e  sand with abundant M mercenaria.
#4 (same as 5)
Sandy c lay , dark brown, with tan s tria tio n s  and m ottling , 
pebbles and abundant organic matter throughout burrows and 
shell ghosts present lo c a lly . (Poorly sorted 0 = 3 .0 /4 .2 ,
f in e ly  skewed, SK = 0 .29 , Mz 5.6 to 6 .7 ) abrupt lower
contact. 50% mud.
Sand, f in e , white crossbedded sand.
Sand, f in e  l ig h t  brown, crossbedded sand with pebbles.
Sand, f in e , white crossbedded sand.
Sand, f in e , w hite, crossbedded sand w ith pebbles; iron oxide
zone a t base o f u n it; fo s s il hash below caused iron to pre­
c ip ita te . Qnk/Qn contact.
Sand, dark gray, f in e  sand with worm tubes, M.mercenaria and 
S .so lid issim a.
Clay, dark gray to black c lay .
Sand, l ig h t  brown to white sand th a t grades upward in to  a 
pebble zone (boulder la y e r) . Qn/Qgb contact.
Sand, lig h t  brown to white coarse sand with large pebbles. 
Sand, coarse, crossbedded sand with pebbles and iron oxides 
throughout. P re c ip ita te  o f iron oxides due to pH change 
caused by she lly  calcareous layer below.
Sand, gray to white coarse crossbedded sand with abundant 
fo s s il hash. Lower iron oxide layer also; ( th is  layer is  due 
to ground-water leaching o f clacareous m aterial from below). 
Sand, dark gray, f in e  sand with worm tubes in upper portion  
and abundant M.mercenaria in s itu .
E - ll
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GOMEZ SAND PIT
Gomez sand p i t  measured sections: 0.27 kilometers north o f Mears Corner 
along C en te rv ille  Turnpike, V irg in ia  Beach, V irg in ia ; Kempsville Quadrangle, 
U.S. Geological Survey 7 .5  minute quadrangle, ( l a t  36° 47' 05" N; long 76°
11' 45" W); a l t  20 f t .
(Location N.W. W all)
0 - 6 '  Sandy c la y , dark brown, with tan s tr ia tio n s  and m ottling ,
pebbles and abundant organic m atter throughout burrows and 
shell ghosts present lo c a lly . (Poorly sorted,0 fo r individual 
samples ranges from 3 .0  to 4 .2 , f in e ly  skewed SK = 0 .29 , Mz 5.5  
to 6 .7 ) abrupt lower contact. 50% mud.
4 -  9 .5 ' Sand, l ig h t  brown to brown-yellow, fin e  to medium, crossbedded
sand with westward dipping p a ra lle l Laminae and lenses and 
stringers o f peaty clay (probably mud drapped r ip p le s ); lenses 
of gravel and pebbles near base and scattered lenses through­
out; ghosts o f S .solidissim a and other pelecypod shells  in  upper 
portion , some are d isa rtic u la te d  and oriented convex up, others 
are in liv in g  position .
9 .5  -  18 .0 ' Sand, white to l ig h t  brown-gray medium to coarse crossbedded
sand and granules, becomes f in e r  downward to coarse sand; 
granules and pebbles; ghosts o f shell m aterial mostly broken 
with some whole specimens; in s itu  burrowing pelecypods and’ 
mud f i l l e d  Ophiomorpha burrows near base; iron oxidation layers  
throughout, concentrated near base to give.a highly irreg u la r  
appearing pseudo-basal contact.
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18 -  23’ Sand, fin e  gray, highly fo s s ilife ro u s , heavily burrowed sand
with some organic m ateria l. Two single l i f e  groups of inplace 
M.mercenaria with abundant calcarious worm tubes and encrusting 
bryozoans. Upper portions o f M.mercenaria shells are d r il le d  
a t an angle.
2 3 - 3 1 '  Sand, leached, f in e  gray, heavily burrowed sand with abundant
shell ghosts. Leached sand gives way to a two fe e t th ick  
C.v irq in ica  deposit with abundant M.mercenaria in liv in g  
position . (Mz =(Crassostrea re e f)3 .6 2 ) Boulder layer.
(Location E.W. W all)
0 - 4 '  Sandy c lay , dark brown, with tan s tria tio n s  and m ottling ,
pebbles and abundant organic matter throughout burrows and 
shell ghosts present lo c a lly . (Poorly sorted ,0 fo r  individual 
samples is  from 3.0 to 4 .2 , f in e ly  skewed SK = 0 .29 , Mz 5 .6  
to 6 .7 ) abrupt lower contact. 50% mud.
4 -  7 .5 ' Sand, l ig h t  brown to brown-yellow, fin e  to medium, crossbedded
sand with eastward and westward dipping p a ra lle l Laminae and 
lenses o f gravel and pebbles near base and scattered lenses 
throughout; ghosts o f S .solidissima and other pelecypod shells  
in upper portion , some are d isarticu la ted  and oriented convex 
up, others are in liv in g  position .
7 .5  -  18.0 ' Sand, white to l ig h t  brown-gray medium to fin e  crossbedded 
sand and becomes f in e r  downward. Ghosts o f shell m aterial 
mostly broken with some whole specimens; in s itu  burrowing 
pelecypods and mud f i l le d  Ophiomorpha burrows near base; iron  
oxidation layers throughout, concentrated near base to give a 
highly irre g u la r appearing pseudo-basal contact.
E-13
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18 -  23*
23 -  31'
31 -  43'
(Location S. 
0 - 4 '
Sand, f in e  gray, highly fo s s ilife ro u s , heavily burrowed sand 
with some organic m ate ria l. Two single l i f e  groups of inplace 
M.mercenaria with abundant calcarious worm tubes and encrusting 
bryozoans. Upper portions o f M.mercenaria shells  are d r il le d  
a t an angle.
Sand, leached, f in e  gray, heavily burrowed sand w ith abundant 
shell ghosts lenses and channels containing coarser sand and 
shell debris are cut into fin e  gray sands. Leached sand gives 
way to a two fe e t th ick  C. v irq in ic a  deposit with abundant 
M.mercenaria in liv in g  position . (Mz =(Crassostrea re e f )3 .62) 
Boulder laye r.
Sand, medium sand w ith heavy mineral bands throughout. Large 
cypress sweet gum, pine and oak stumps a t base o f th is  u n it, 
up to 5' diameter. Stumps re s t on a hard compacted surface, 
containing s i l t y  sandy clay with boulders along the top (36 fe e t ) .  
Most o f the boulders are f a i r ly  well rounded. S il ty  sandy clay  
is cut in to  by sand f i l le d  channels containing broken and d is­
a rtic u la te d  shell debris.
W. W all)
Sandy c la y , dark brown, with tan s tria tio n s  and m ottling , 
pebbles and abundant organic matter throughout burrows and 
shell ghosts present lo c a lly . (Poorly sorted,0 fo r individual 
samples from 3 .0  to 4 .2 , f in e ly  skewed SK -  0 .29 , Mz 5 .6  to 6 .7 ) 
abrupt lower contact. 50% mud.
Sand, l ig h t  brown to brown-yellow, fin e  to medium, crossbedded 
sand with lenses o f gravel and pebbles near base and scattered  
lenses throughout; ghosts o f S .solidissima and other pelecypod
E-14
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9 -  1 8 .0 '
18 -  23'
2 3 - 3 1 '
31 - 37*
37 -  43'
Sand, white to brown-yellow, fine  to medium, crossbedded sand 
with lenses and stringers o f peaty clay (mud draped megaripples); 
iron oxidation layers discontinuously scattered throughout with 
a 3 to 6 inch zone a t the base giving a pseudo-basal contact; 
ghosts of S .solidissima and other bivalves present, d isarticu lated  
and oriented conves up.
Sand, fin e  gray, highly fo s s ilife ro u s , heavily burrowed sand 
with some organic m ateria l. Two single l i f e  groups of inplace 
M.mercenaria with abundant calcarious worm tubes and encrusting 
bryozoans. Upper portions o f M.mercenaria shells are d r il le d  a t 
an angle.
Sand, leached, fine  gray, heavily burrowed sand with abundant 
shell ghosts lenses and channels containing coarser sand and 
shell debris are cut into fin e  gray sands. Leached sand gives 
way to a two fee t thick C.v irq in ica  deposit with abundant 
M.mercenaria in liv in g  position. (Mz = C.v irq in ica  reef 3.62) 
Boulder layer.
S ilty  sandy organic rich clay with boulders along the top.
Most of the boulders are fa ir ly  well rounded. Clay contains 
sand f i l le d  burrows extending down from overlying sand.
Abundant L itto rin a  irro ra ta  and Mytilus ed u lis .
Sand, fine to medium compacted sand with heavy mineral bands 
lenses of gravel and Ophiomorpha burrows throughout. Large 
cypress, sweet gum, pine and oak stumps a t top o f th is u n it, 
up to 5' diameter. Stumps rest on a hard compacted surface.
Shell ghosts present lo ca lly .
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37 -  43' Sand, fin e  to medium compacted sand w ith heavy mineral bands 
lenses o f gravel and Ophiomorpha burrows throughout. Large 
cypress, sweet gum, pine and oak stumps a t top o f th is  u n it, 
up to 5 ’ diameter. Stumps rest on a hard compacted surface. 
Shell ghosts present lo c a lly .
E-16
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CITY LINE PIT
C ity  Line sand p i t  measured sections: 1.13 kilom eters south o f Mears Corner
along C en te rv ille  Turnpike, Chesapeake C ity , V irg in ia ; Kempsville Quadrangle, 
U.S. Geological Survey 7 .5  minute quadrangle, ( la t  36° 45' 35" N; long 76°
11* 01" W); a l t  15 f t .
(N.W. W all)
0 - 2 . 5 '  Sandy c lay , dark brown, with tan s tria tio n s  and m ottling ,
pebbles and abundant organic m atter throughout burrows and 
shell ghosts present lo c a lly . (Poorly sorted 0 = 3 .0 /4 .2 ,  
f in e ly  skewed SK = 0 .29 , Mz 5.6 to 6.7) abrupt lower contact. 
50% mud.
2.5  -  7 ' Sand, f in e  to medium, moderately well sorted subangular to
subrounded sand with* pebbles and approximately 1% opaque 
m inerals. No apparent s tructure .
7 -  22 .0 ' Sand, f in e  to medium moderately well sorted subangular to sub­
rounded, sand w ith about 1% opaques, no pebbles. Shell ghosts 
and burrowing increases downward. Apparently the shell 
m aterial extended up into the section and was leached out by 
acidic ground water. Ophiomorpha burrows are abundant in  the 
lower part o f the section throughout (Mz 1.8 to 2 .5 0 ). Also 
th in  discontinuous p a ra lle l Laminae.
22 -  24 .5 ' Clay, s ticky  organic rich  clay w ith a few L. irro ra ta  and
C.v irq in ic a . Some organic debris.
24.5 -  38' Sand, f in e  gray heavily burrowed sand. Small scale rip p le
4-6 fe e t dipping north and east grading downward in to small 
scale mud draped ripp les dipping to the southwest. Mud con­
tains abundant organic m atter. Mz 2.1 to 2 .4 . Boulder
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layers a t  31 and 37 fe e t.
(East Wall) 
0 - 4 '
4 - 7 '
7 -  15'
15 -  20'
Sandy c lay , dark brown with tan s tria tio n s  and m ottling , 
pebbles and abundant organic matter throughout. Burrows 
and shell ghosts present lo c a lly . Basal contact sharp and 
irre g u la r.
Sand, medium to fin e  clean white crossbedded sand and with  
1% opaques. Shell ghosts present, d isarticu la ted  and 
oriented convex up. Crossbeds dip a t 8° to 13° dominantly 
to the southwest.
Sand, f in e  to medium moderately well sorted subangular to sub­
rounded, sand with about 1% opaques, no pebbles. Shell ghosts 
and burrowing increases downward. The layer is  bounded on its  
lower side by a 2 to 6 inch th ick  iron strained layer tha t 
d ire c tly  overlies  a dense fo ss il hash. Apparently the shell 
m aterial extended much fu rth e r up into the section and was 
leached out by ac id ic  ground water. Ophiomorpha burrows are 
abundant in  the lower part o f the section throughout.
(Mz 1 .8  to 2 .5 0 ). Also th in  discontinuous p a ra lle l Laminae and 
mud lined trough crossbeds lo c a lly . These p a ra lle l laminae or 
bedding planes cut across the iron oxide contact lending 
evidence to its  diagenetic o rig in .
Sand, medium to fin e  moderately well sorted sand with about 1% 
opaque m inerals. Mz about 2.00. Shell ghosts are mostly d is­
a rtic u la te d  and broken up; although few are oriented convex up. 
The deposit has the appearance of being dumped in by a strong
E—18
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21 -  21'
22 -  25'
25 -  31'
31 -  37'
(C en tra l) 
0 - 3 '
7 -  15'
current. Burrowing in creases downward, mud lin ed  trough cro ss­
beds are present lo c a l ly .
Sand, medium to coarse poorly sorted subangular to subround 
planar crossbedded sand with abundant shell fragments and 
some wood debris. This layer ir re g u la r ly  overlies  a 1 .5  foot 
th ick  C.. v irq in ica  re e f.
S il ty  sand, medium to fin e  to coarse, poorly sorted, dark gray 
to black s i l t y  sand with abundant organic debris , C v irq in ic a  
M. mercenaria and other gastropods and bivalves in place. 20% 
s i l t ,  25% sand and 55% shell debris. Mz 3 .0  -  4 .0 . The lower 
surface is  deposited upon a highly irre g u la r erosional contact. 
This layer a lternates  with a 3' th ick  organic ric h  clay with  
frequent marsh snail remains.
Sand, medium to coarse layer o f poorly sorted sand and gravel 
with abundant organic debris (wood pieces). Channel cut and 
f i l l  structures with planar herringbone crossbedding dipping 
to the west. Boulder layer a t  base o f th is  u n it.
Sand, medium to fin e  sand o f moderately well sorted heavily  
burrowed sand with abundant organic debris. Burrowing increases 
downward. Inplace gastropods, and M.mercenaria ghosts. Boulder 
layer a t approximately 37 fe e t.
Sandy c la y , dark brown with tan s tria tio n s  and m ottling , 
pebbles and abundant organic m atter throughout. Burrows and 
shell ghosts present lo c a lly . Basal contact sharp and 
ir re g u la r .
Sand, fin e  to medium moderately well sorted subangular to sub­
rounded, sand with about 1% opaques, no pebbles. Shell ghosts
E—19
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15 -  21'
21 -  2 2 '
22 -  25'
and burrowing increases downward. The layer is  bounded on its  
lower side by a 2 to 6 inch th ick  iron strained layer th a t 
d ire c tly  overlies  a dense fo s s il hash. Apparently the shell 
m aterial extended much fu rth e r up into the section and was 
leached out by ac id ic  ground water. Ophiopmorpha burrows are 
abundant in  the lower part o f the section throughout. (Mz 1.8  
to 2 .5 0 ). Also th in  discontinuous p a ra lle l Laminae. These 
p a ra lle l laminae or bedding planes cut across the iron oxide 
contact lending evidence to i ts  diagenetic o r ig in .
Sand, medium to f in e  moderately well sorted sand with about 1% 
opaque m inerals. Mz about 2.00. Shells are mostly d isarticu la ted  
and broken up; although few are oriented convex up. The deposit 
has the appearance o f being dumped in by a strong current.
Fossils consist mainly o f £ . d ire c tu s , P.. duplicatus, P. heros,
S.. so lid iss im a, 13. canalicolatum and E3. ca rica . 200-300 yards to 
the east th is  fo s s ilife ro u s  horizon pinches out and is replaced 
by a f in e  well sorted sand with abundant opaque minerals and 
sm aller amounts o f shell m ateria l.
Sand, medium to coarse poorly sorted subangular to subround 
sand w ith abundant shell fragments and some wood debris. This 
layer ir re g u la r ly  overlies  a 2 foot th ick C. v irq in ica  re e f.
S il ty  sand, medium to fin e  to coarse, poorly sorted, dark gray 
to black s i l t y  sand w ith abundant organic debris, Crassostrea,
M. mercenaria and other gastropods and bivalves in place. 20% 
s i l t ,  25% sand and 55% shell debris. Mz 3 .0  -  4 .0 . The 
lower surface is  deposited upon a highly irre g u la r erosional 
contact. This layer a lternates  with a 3' th ick organic rich  
clay with frequent marsh snail remains. J_. ir r o r a ta .
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